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Chapter 1:  The reaction of diazomethane with simple aldehydes to 
deliver methyl ketones has a long studied history in the art of organic synthesis. 
Formyl electrophiles have also been homologated with 
trimethylsilyldiazomethane, diazoacetates, and aryl-diazomethanes that very 
rarely proceed with catalytic activation. Due to the stigma of handling non-
stabilized diazoalkanes this history is limited to examples utilizing !"diazoesters 
and entirely missing are examples of tertiary !"substituted ketone synthesis 
beginning with disubstituted (internal) diazoalkanes. This work describes a 
general catalytic procedure for convergent ketone production using non-
stabilized, mono- and disubstituted diazomethanes. The method involves mild 
reaction conditions, produces molecular nitrogen as the only byproduct, and 
includes six examples of chiral ketone synthesis from various aryl, heteroaryl, or 
aliphatic aldehydes. The latter feature, together with new evidence that the 
catalytic reaction mechanism invokes a stereospecific, intramolecular C–H 
migration, sets the stage for an enantioselective synthesis of acyclic ketones by 
asymmetric carbon insertion. The remarkable tolerance of this transformation to 
steric crowding in either reaction partner is showcased in a simple, five-step 
construction of the complete carbon framework in achyrofuran, a complex 
dibenzofuranoid. 
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Chapter 2: Paraformaldehyde is an inexpensive and readily available 
source of carbon (~30 USD/kg). Upon heating, the polymer thermally 
depolymerizes to yield gaseous formaldehyde that can be bubbled 
through reactions or stored in solution at low temperature. In this work, a 
new and general strategy for complex ketone synthesis is described 
based on Sc-catalyzed, double diazoalkyl C–H insertion reactions with 
formaldehyde as a 1-C source. The method forms di-, tri-, and even 
tetrasubstituted acetones efficiently, and it has streamlined a synthesis of 
the Erythroxylon alkaloid (–)-dihydrocuscohygrine in which absolute 
stereochemistry in a proline-based starting material is preserved. 
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Chapter 3: Use of geminally-substituted diorganometallics often gives 
new forms of reactivity that are unavailable to their monosubstituted 
counterparts.  With the expanding use of boronic acids in many areas of 
synthetic organic methodology, an underappreciated research area has 
been full development of disubstitited gem-diboronic ester derivatives for 
use in tandem reactions, olefination methods, metal-catalyzed coupling 
reactions, and transmetallations to mixed gem-diorganometallics.  The 
nature of molecular boron is routinely engaged through its Lewis acidic 
vacant p-orbital, and, after metalation, this orbital interaction is enlisted to 
stabilize !-carbanion or !-carbanion-like species to allow dependable 
reactivity in various applications.  The platinum-catalyzed geminal 
diboration of diazoalkanes provides reliable and efficient access to a full 
range of disubstitited gem-diboronic esters enabling the exploration of 
novel methodologies.  
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Chapter 1. A General Synthesis of Ketones by Catalytic 
Carbon Insertion of Diazoalkanes into the Formyl C-H 
Bond.1 
1.1 Introduction and Background 
Ketones are typically prepared by the addition of an organometallic 
reagent to the carbonyl group followed by a reoxidation event.  Indeed, 
formation of a C–C !-bond via nucleophilic addition of an organometallic 
reagent to an aldehyde substrate represents one of the most elementary 
transformations in organic synthesis. The start of organometallic chemistry 
dates to 1849 with Frankland’s early work with organozinc compounds.2  
By the turn of the 20th century, the use of organozinc reagents in organic 
synthesis was largely supplanted by main-group organometallics due to 
the rapid growth of Grignard chemistry and the development of practical 
routes to organolithium compounds.3  Following isolation of an alcohol 
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product, a readjustment in oxidation state is required to obtain the ketone.  
Unattractive features of these traditional two-step approaches include the 
need for stoichiometric amounts of the metal and oxidant as well as 
increased solvent and waste streams.  A portion of my doctoral work has 
focused on the development of an efficient strategy for the synthesis of 
acyclic ketones, encompassing the preparation of metal-free carbon 
nucleophiles, catalytic activation of the electrophile, and the consolidation 
of two reaction steps into one, (Scheme 1). 
 
1.1.a Literature Precedent for Homologation of Aldehydes with 
Diazoalkanes 
Investigations into the use of diazomethane (Scheme 2; R1, R2 = H) 
as a nucleophile for formal insertion into the aldehydic C-H bond began at 
the turn of the 20th century (path a, Scheme 2).4 Schlotterbeck is often 
credited as the discoverer of this aldehyde chain elongation reaction, 
since he extensively studied reactions of diazomethane with both aryl and 
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aliphatic aldehydes.5 However, the same transformation was reported by 
Büchner and Curtius, von Pechmann, and Meyer earlier wherein the 
aldehyde was exposed to diazomethane in ether or a methanol solution of 
the carbonyl was treated with strong base in the presence of the 
nitrosoalkylurethane.6  As shown below in Scheme 2, the reaction to afford 
a ketone product involves diazoalkyl addition to the carbonyl group to give 
a diazonium betaine intermediate; subsequent 1,2-shift of the aldehydic 
C-H bond gives the chain elongated product with evolution of dinitrogen as 
the only stoichiometric byproduct (path a).4  Also illustrated in Scheme 2 is 
the fact that alternative modes of 1,2 rearrangement can provide two other 
products (paths b and c). Early empirical datum suggest that increasing 
the steric bulk in an aliphatic aldehyde promotes path a.4   
 
If one considers the effect of electronic differences in aromatic 
aldehydes, the results are conflicting, since both electron-rich and 
electron-poor electrophiles afford similar regioisomeric product 
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distributions.7  Solvent effects can also exert a role. For example, the use 
of methanol as a promoter in ethereal solutions increases the amount of 
oxirane formed from path c.  This level of regiochemical understanding 
can be summarized as, “reactions of aldehydes with diazomethane in dry 
ether give predominantly methyl ketones, whereas increasing 
homologation of the aldehyde occurs as alcohols are added to the 
solvent.”8  
Research towards expanding the scope and efficiency of the 
aldehyde homologation process has been recently renewed, but catalysis 
with non-stabilized diazoalkanes remained elusive until our work.9 There 
are currently five major types of aldehyde homologation methods that rely 
on diazo compounds and provide ketone products (path a, Scheme 2). 
The first protocol involves in situ generation of the nucleophile via the 
Bamford-Stevens reaction, which is a base promoted decomposition of 
aryl tosyl hydrazones.10 Such reaction parameters have been extended as 
a means to circumvent the potential dangers typically associated with the 
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purification of diazoalkanes. Unfortunately methods based on Bamford-
Stevens chemistry inevitably come with limitations on scope and functional 
group tolerance due to the strongly basic reaction conditions required.10b,c  
 
In particular, extension of this method for the generation of enantiopure !"
chiral ketones is prohibited by facile racemization. 
A second useful method for the insertion of diazonucleophiles into 
the aldehydic C-H bond requires the use of carbonyl-stabilized diazo 
compounds.  These less reactive reagents are more easily handled and 
amenable to purification, and this facilitated their development earlier in 
the timeline of the aldehyde homologation reaction.11  The attenuated 
reactivity of these nucleophiles mandates the need for activation of the 
carbonyl electrophile.  It had been noted that addition of methanol as a 
Brønsted acid promoter not only diverts the regiochemical outcome of the 
reaction, but it also increases the reactivity of the process.8 A more 
modern study using H-bonding as a means of Lewis activation has shown 
that insertion into the aldehydic C-C bond can be an efficient, albeit 
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limited, method (Scheme 4).12  Modest stereoselectivity has been 
achieved via this strategy if a (–)-menthyl ester is incorporated into the 
diazocarbonyl compound.12 
 
A third class of aldehyde homologations is based on stabilized 
diazocarbonyl compounds in a reaction with a metal-based Lewis acid. 
This method was developed by Roskamp employing SnCl2 as the Lewis 
acid activator for a variety of aldehyde electrophiles (Scheme 5).13  
Following his seminal report, a diversity of Lewis acids has been applied 
to the methodology including a chiral system based on Sc(II)-N,N-dioxide 
complexes.14 Nonetheless, the limitation of using only carbonyl-stabilized 
diazoalkanes for accessing only #-keto esters has remained a common 
theme.13,14,15 
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The use of non-stabilized diazoalkanes has been restricted to the 
use of diazomethane and trimethylsilyldiazomethane (TMSD) principally 
due to the more involved procedures associated with access to higher 
homologues of these nucleophiles.  Nevertheless, studies have been 
undertaken to establish the reactivity and scope of aldehyde homologation 
with either/both diazomethane and TMSD.16   
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The development of aldehyde homologation protocols that reliably 
afford regioselective results with the higher homologues of non-stabilzed 
diazonucleophiles has met with more limited success.  As shown in 
Scheme 6, the reaction of phenyldiazomethane with various aromatic 
aldehydes has been accomplished with either (1) superstoichiometric 
amounts of LiBr, or (2) by the use of catalytic amounts of a cationic iron 
source by Anselme and Hossain, respectively.17 These two methods 
illustrate how Lewis acid catalysis dramatically increases the efficiency of 
the process, but in the case of catalysis, selectivity issues remain 
unaddressed (eq. ii., 40% epoxide byproduct). Moreover, the fact that only 
phenyldiazomethane was studied as a reactant means that considerable 
room for improvement is needed before the method could be seen as 
broadly synthetically viable. 
 
A series of detailed experiments was provided in reports from the 
Yamamoto group involving very bulky and oxaphilic organoaluminum 
promotors. Results show that reactions are more regioselective as the  
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size of the substituent on aluminum is increased (Scheme 7, Me3Al ! 
MAD (methylaluminum bis(2,6-di-tert-butyl-4-methylphenoxide)).18  This is 
also a rare example in the literature that employs a more diverse selection 
of non-stabilized diazoalkanes. Regardless, an important consideration 
taken away from this work is that, in spite of extensive effort, 
organoaluminum-based Lewis acids fail to provide catalytic activity. 
 
Since true catalysis was lacking in the transformation of aldehydes 
to the homologous ketones with non-stabilized diazoalkanes, we were 
drawn to the challenge of developing a powerful and broadly applicable 
synthetic method – one based on a catalytic activator of the electrophile 
that could be easily outfitted with chiral ligands for eventual studies in 
enantioselective carbon insertion.  In order to accomplish these two main 
goals, we first set out to safely synthesize non-stablized diazoalkanes in a 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)"d*!)1*!+3.2.>58S.!C9A929I1589/!9:!;.59/.7!1/E!,2E.64E.7!_856!Q81a912M1/.7!G09A95.E!<4!
\0I1/912HA8/HA!X.1I./57JK! ! !P10H9M1J!;FO! =9/>.`>89/J!,F! DFO! c1A1A959J!CF!4I+(-':9:J!
$##&J!)7J!"#d$V"#]UF!)<*!!+\0I1/912HA8/HABG09A95.E!Q80.>5!=9/S.0789/!9:!,2E.64E.7!
59!56.!C9A929I9H7!;.59/.7!90!\n801/.7!_856!Q81a912M1/.7JK!P10H9M1J!;FO!=9/>.`>89/J!,F!
DFO! c1A1A959J! CF! 4I+8'((J! $##&J! 1J! &#"V&#$F! )>*! +\0I1/912HA8/HABG09A95.E!
C9A929I1589/!9:!;.59/.7!_856!Q81a912M1/.7JK!P10H9M1J!;FO!=9/>.`>89/J!,F!DFO!c1A1A959J!
CF! 3$% !"#$% ,-'.$!$##&J!CEJ! %(#&V%(#'F! )E*!*69@% ,0(08I:9:% 9+%K5@'"+% !"#0+96% 4I+(-':9:O!
c1A1A959J!CFO! ?7686101J!;FJ! YE7FO!L82.4B[=Cb!L.8/6.8AJ!-.0A1/4J!!""%F! ).*! +3.2.>58S.!
C9A929I1589/! 9:! ;.59/.7! 1/E! ,2E.64E.7! _856! Q81a912M1/.7! G09A95.E! <4!
\0I1/912HA8/HA!X.1I./57JK--P10H9M1J!;FO!=9/>.`>89/J!,F!DFO!c1A1A959J!CF!,-'.V+S5".J!
$##'J!7FJ!"&F!!
! "'!
practical and user-friendly manner. 
1.1.4 Literature Precedent for Diazoalkane Synthesis 
An exhaustive search of the literature illustrates the multiple and 
creative ways that chemists have sought to harness the unique reactivity 
of the diazo functional group.  As summarized in Scheme 8, major routes 
for the synthesis of diazo compounds include: (1) substituent modification 
of an existing diazo compound, (2) diazo-group transfer onto activated 
methylene or methine compounds, (3) diazotization of "-acceptor-
substituted primary aliphatic amines, (4) base-induced decomposition of 
sulfonylhydrazones, (5) alkaline cleavage of N-alkyl-N-nitroso 
sulfonamides, carboxamides, ureas, and urethanes, (6) dehydrogenation 
of hydrazones, (7) electrophilic substitution at diazomethyl compounds, 
and (8) triazene fragmentation (rare).11a,b,d  We sought to create a method 
applicable to complex synthetic settings and viewed carbonyl compounds 
themselves as viable diazoalkane precursors. As such, we have focused 
our efforts on streamlining approaches based on hydrazone oxidation, 
ensuring that they are both mild and functional group-tolerant. 
! "(!
 
1.1.c Optimization of Non-Stablized Diazoalkane Synthesis. 
Early on, our lab identified that the dehydrogenation of hydrazones 
can reliably afford access to both aryl- and alkyl-based non-stabilized 
diazo compounds by a modification of previously reported methods.  A 
report from Brewer and coworkers offered a new extension of the Swern 
reagent to dehydrogenate aryl hydrazones to the corresponding aryl-
substituted diazomethane reagent in good to excellent yields (Scheme 9).  
Initially, our efforts to extend this Swern-type method to alkyl-substituted 
diazomethanes met with highly variable results, perhaps due to the 
reagents’ inherent instability at the required reaction temperatures and/or 
exposure to the protic byproduct, Et3N•HCl, which is in agreement with 
! "d!
observations made by the original authors.19 
 
In order to efficiently and reliably access alkyl-based diazo 
compounds, we needed a more potent oxidation strategy that could be 
performed at low temperature. This requirement was met by the previous 
efforts of Shechter and coworkers (Scheme 9).20  They found that 
employing Lead(IV) tetracetate in the presence of an organic amine base, 
one could attain moderate to excellent yields of non-stabilized 
diazoalkanes. More important was their choice of solvent, by performing 
the oxidantion in DMF, a simpler hydrocarbon extraction using pentane or 
hexanes was all that was needed to obtain the desired product in pure 
form in solution.  In brief tests, we also established that hypervalent iodine 
oxidants21 could produce the desired diazoalkane, but iodobenzene was a 
consistent contaminant in final diazoalkane stock solutions using the 
Schechter purification method (vida infra). To more thoroughly expand 
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functional group tolerance within the target diazoalkane, a protecting 
group strategy was needed to prevent azine formation during hydrazone 
synthesis (or heterocycle formation in the case of !,#"unsaturation).  The 
Myers group had reported a diazoalkane synthesis incorporating N-silyl 
protection in the intermediate hydrazone (Scheme 9).22  We modified this 
method after deducing that a monosilyl hydrazine reagent would be the 
most atom economical choice for hydrazone synthesis. A report by 
Soderquist et al. applied TIPS-hydrazine to the preparation of 
unsymmetrical azines, and a procedure for its generation from TIPSCl and 
hydrazine was available on gram scale.23  The silyl-based protecting group 
was installed to sterically prohibit the terminal nitrogen of the hydrazone to 
act in an undesired nucleophilic capacity.   
Notably, our hybrid methods do not require isolation or even 
warming of the potentially unstable and toxic diazo compounds.  Each of 
the necessary manipulations is carried out in solution at low temperature, 
and the titer for a given nucleophile is obtained by quenching a stock 
solution aliquot with a benzoic acid derivative, followed by quantitative 
analysis. These syntheses can be carried out on gram scale, and the 
diazoalkane solutions can be stored at –78 ºC for months without 
degradation.  Access to these reagents facilitated our investigation into the 
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regioselective conversion of aldehydes to homologous ketones without the 
need for unnecessary, stabilizing, electron-withdrawing functional groups 
within the diazoalkane.  Over the course of five years utilizing our 
procedures, no uncontrolled, destructive decompositions of the 
diazoalkanes have been observed.  
My coworker, David C. Moebius, and I spent considerable time 
optimizing the modern methods for hydrazone oxidation and applying 
them to the synthesis of numerous mono- and disubstituted aryl- and 
alkyldiazomethanes.  With Dave’s discovery that simple Sc(III) salts are 
uniquely effective catalysts for diazoalkyl insertion with cycloalkanone 
electrophiles, my attention turned to the study of catalytically activating 
formyl electrophiles for the synthesis of acyclic !"substituted carbonyls.1,24  
 
1.2  Sc-catalyzed Homologation of Aldehydes to the 
Corresponding Ketones with Diazoalkanes. 
Previous studies to accomplish the one carbon homologation of 
cyclic ketones with substituted diazomethanes uncovered commercially 
available scandium (III) salts as potent effective catalysts.22 This method, 
developed within our laboratory, has proven the unique role of Sc3+ as a 
Lewis acid tolerable of the diazoalkane – itself a strong Lewis base. 
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Scandium is typically afforded inclusion in the lanthanide series due 
to its outer valence shell being isoelectronic with the rare-earth metals, but 
its natural abundance in the earth’s crust would not earn the element the 
title of extreme scarcity.  Scandium, being found in a diverse array of 
natural mineral deposits, is as abundant as the element cobalt.25 Cobalt, 
like the element Iron, is often thought of as a non-precious element and is 
currently being developed in organic synthesis as both a source of new 
organometallic reagents and a potential replacement to the more 
expensive catalysts of the “platinum group” metals.26  The typical starting 
point for the synthesis of scandium (III) salts is Sc2O3, which is a 
byproduct of the extractive processes for uranium, iron, nickel, cobalt, 
tungsten, and the lanthanide rare-earth elements.27  Scandium(III) has a 
Lewis acidity profile that places its salts in between the extreme electron 
acceptor aluminum and the other lanthanides.27c  Sc(OTf)3 is well known 
to possess high, chemoselective oxophilicity when employed in reactions 
containing multiple other strong Lewis bases.27b   In addition to the 
electronic nature of the metal, scandium has the smallest ionic radius 
(0.754 Å) of all the lanthanides.27c 
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With our starting Lewis acid, we initiated experimentation by 
employing phenyldiazomethane as the nucleophile in a reaction with 
benzaldehyde in toluene at –78 ºC.  Visual confirmation of the rapid 
consumption of phenyldiazomethane was noted as a loss of red color and 
vigorous evolution of nitrogen.   Once gas production had decreased to a 
gentle bubbling and the intensity of the diazoalkane’s color had dissipated 
(10 min), the reaction was warmed to ambient temperature (23 ºC) and 
worked up immediately by the addition of saturated ammonium chloride 
solution.  The biphasic reaction mixture was then poured into a separatory 
funnel and the product extracted with diethyl ether.  After further 
purification by silica gel chromatography, 1,2-diphenylethanone was 
isolated in 98% yield. This illustrates the highly selective nature of 1,2-
rearrangement under Sc-catalysis.  This initial result was one of great 
promise, and its planning was devised only after careful reaction 
optimization on our group’s previous method for the selective 
homologation of cyclic ketones.  To confirm the necessity of the Sc(OTf)3, 
a control experiment was performed wherein the reaction was executed in 
the absence of the catalyst.  After monitoring the reaction progress for 
over 12 h, no productive union between diazonucleophile and 
benzaldehyde was observed.  After these first results confirmed that 
Sc(OTf)3 is the optimal catalyst with what appeared to be optimal 
conditions in hand, we began to probe the scope of the catalytic aldehyde 
C-H bond modification.  
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1.3 Aryl Aldehyde Homologation Reactions. 
As shown in Table 1, the synthesis of desoxybenzoins from 
aryldiazomethanes and various aryl aldehydes is quite general. At first, 
maintaining the diazonucleophile as the easily accessible 
phenyldiazomethane, the sterics and electronics of the electrophile were 
systematically varied.  Insertion reactions involving selected electron-
donating (OCH3 or N(CH3)3, entries 2 and 3) or electron-withdrawing (NO2 
or CF3, entries 4, 5) groups situated para to the formyl ipso carbon all 
proceed smoothly in >90% yield.  Entry 3 is of particular note since the 
Lewis basic functionality of the N,N-dimethylaniline moiety could 
potentially attenuate catalyst efficacy.  Such substituents can also be 
positioned ortho (96% yield for o-OCH3, entry 6), and entries 7 and 8 
confirm that halogens are easily tolerated in this more sterically 
demanding position.   
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We then proceeded to modulated the properties of the 
diazonucleophile. Results convincingly show that steric crowding in the 
aldehyde is not a prohibitive constraint either, as seen by the moderately 
efficient coupling of mesitaldehyde with the internal diazonucleophile 
methyl phenyl diazomethane (2 equiv, entry 9).  A noted modification 
associated with entry 9 is the cryogenic demands of the electrophile.  With 
! #&!
a melting point of approximately 12 ºC in its pure form, the extremely 
hindered benzaldehyde derivative was observed to solidify and precipitate 
out of the reaction solution at temperatures below –45 ºC.  With this single 
pot operation, the sterically congested aryl ketone 6 is produced that 
bypasses the probable optimization that would be encountered if a 
reoxidation event were required following a standard organometallic 
addition to the mesitaldehyde.  Entry 10 shows that cyclic disubstituted 
(internal) diazomethanes can also be employed. In one-step, the complex 
acyl indane 8 is formed in 62% isolated yield. Observations that this 
particular diazoalkane was relatively less stable upon prolonged storage 
and also during the course of the reaction can be attributed to the 
electron-rich nature of the diazonucleophile.  The decomposition of the 
diazonucleophile was on the order of weeks when stored under inert 
atmosphere at –78 ºC, but when in the presence of Sc(OTf)3 the 
destructive pathways were increased to the order of seconds, as 
confirmed by ReactIR visualization studies.28  Fortunately for our 
purposes, the rate of productive union of the aldehyde electrophile with 
the non-stabilized diazoalkane was faster than this noted decomposition 
pathway, as determined by empirical observations of the reaction’s 
efficiency.  
Given the efficiency and short reaction times associated with our 
method, attempts were made to lower the loading of the scandium 
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catalyst.  Thus, reactions were carried out using only 2 mol % Sc(OTf)3 
with a total reaction time of 30 min for entries 1, 3, 5, and 8, and the 
corresponding yields for pure products are 93, 89, 81, and 88%, 
respectively.   These results bode well for the future development of the 
aldehyde homologation process in a catalytic enantioselective setting. 
As seen in Table 2, the homologation procedure is also effective for 
the selected heteroaromatic carbaldehydes pyridine-2-carboxaldehyde 
(84% of 9, entry 1) and furfural (90% 10, entry 2), which confirms the 
tolerance of these potential Lewis basic functionality within the 
heterocycles.  Application of carbon insertion to the synthesis of more 
elaborate ketones that possess chirality is feasible. Entry 10 of Table 1 is 
one example, and 4,5-dimethylthiophene-2-carbaldehyde 11 engages 
both the internal diazo compound 12 to form 13 in 82% yield. Finally, it 
deserves mention that ortho substitution is viable in the diazoalkane as 
well (74% for 15, entry 4). 
! #(!
 
 
1.4 Alkyl Aldehyde Homologation Reactions  
Next it was of interest to explore the access to mixed aryl-alkyl and 
alkyl-alkyl ketone syntheses through the appropriate combination of 
aldehyde and diazoalkane (Table 3).  Reaction of 2-bromobenzaldehyde 
with the potentially labile29 cyclopropyl methyl diazomethane (16) affords a 
chiral aryl-alkyl product in 74% yield (17, entry 1, Table 2) with no 
observable byproducts due to strain release.30  
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Entry 2 confirms that alkyl-alkyl ketone synthesis is viable for dialkyl 
diazomethanes and aliphatic electrophiles that are #"branched (78% of 
19). Even the very hindered electrophile pivaldehyde reacts in a coupling 
process that is further noteworthy since neither trans%cis isomerization of 
the geranial-derived diazo compound 20 nor bond migration of the #,$"
unsaturated enone 21 into conjugation with the ketone is observed (entry 
3). Alkyne-substituted diazoalkanes are also suitable reactants (77% 
homopropargylic ketone 23, entry 4) and this particular entry highlights the 
importance of the monosilyl-based protection strategy that was developed 
for sensitive unsaturated functionality within the planned diazoalkane.  
To further illustrate the problematic production of the major 
heterocyclic byproducts known as either pyrazolines or pyrazoles (based 
on the level on unsaturation within the heterocycle), we initiated the 
synthesis of the free, unprotected hydrazone under our standard protocol 
to obtain aryl-substituted diazomethanes.   
 
As shown in Scheme 10, after adding the starting carbonyl 
compound, 3-phenylpropiolaldehyde, to a flask containing hydrazine 
hydrate with stirring the flask was sealed and heated to 100 ºC for 10 h.  
Following the standard extractive workup procedure, the heterocycle 5-
phenyl-1H-pyrazole was isolated in an unoptimized 72% yield.  The 
! #]!
alternative monosilyl-hydrazone was produced in quantitative yield, which 
was subsequently deprotected at low temperature (–78 °C) with tetra-n-
butylammonium fluoride in THF and immediately oxidized under the 
Shechter procedure.20  Although the oxidation to this sensitive alkynyl 
diazomethane suffered moderate irreproducibility in our hands, upon 
successful isolation of the diazoalkane solution, the aldehyde 
homologation reaction was quite efficient. 
 
! $U!
The smooth and complete consumption of phenyldiazomethane in 
entries 5 and 6 further illustrate the high reactivity of scandium-catalyzed 
aldehyde activation, but the latter result with cinnamaldehyde is a 
revealing contrast to that in entry 5: its reaction with phenyldiazomethane 
gives, along with the expected ketone, 25% of !"aryl aldehyde 25.12  
Currently, this is the only substrate for which competitive C–C (vs. C–H) 
insertion has been detected. Empirical studies to clarify the significance of 
the vinyl group could in principle enable access to such equally useful, 
!"substituted carbonyls.31 
 
1.5 Isotopic Labeling Experiments  
Given that a vinylic 1,2-C–C bond shift precedes the formation of 
25, an analogous C–H bond migration in the Sc-complexed diazonium 
betaine could account for the predominance of ketone products (Scheme 
11, path a).  A pathway involving SN2 closure to the epoxide (Scheme 2, 
path c) and subsequent rearrangement has been ruled out by the 
following control experiments: exposure of either cis or trans-stilbene 
oxide to 10 mol % Sc(OTf)3 in toluene at –78 °C cleanly gives 
diphenylacetaldehyde upon warming.  These data are consistent with the 
results of previous studies on Lewis acid-catalyzed Meinwald 
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rearrangement studies in several laboratories.32  Nonetheless, a third 
plausible mechanism would involve intermolecular E2 elimination of N2 to 
give an enol intermediate followed by tautomerization (Scheme 11, path 
b).  Due to previous studies, an intramolecular tautomerization is ruled out 
due to the prohibitively high energy barrier associated with the 1,3 shift.33 
 
To distinguish between these two possibilities, the double isotopic 
labeling experiment illustrated in Scheme 12 was performed.  Scandium-
catalyzed homologation of a 1:1 mixture of perdeuteriobenzaldehyde and 
benzaldehyde with 3-diazocyclohex-1-ene gives only the products of 
intramolecular C–H transfer (Scheme 11, path a) according to high-
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resolution mass spectrometric analysis and none of the products C and D, 
which would result from isotopic scrambling during the tautomerization 
event.  
 
Using the relatively new instrumentation referred to as Direct Analysis in 
Real Time (DART™) that is coupled to the AccuTOF-LC™ atmospheric 
pressure ionization mass spectrometer, the minimally purified product 
mixture was observed at high-resolution with exact mass measurements 
for all components therein.  This instrument was commercialized by Cody 
and Laramée for the JEOL company in 2005.34 
 DART is based on the atmospheric pressure interactions of long-
lived electronic excited-state atoms or molecules with the sample and the 
surrounding atmospheric gases.  A cut-away schematic of the DART ion 
source is shown in Figure 1.   
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A gas (typically helium or nitrogen) flows through a chamber where an 
electrical discharge produces ions, electrons, and excited-state 
(metastable) atoms and molecules (He* or H2O
•+).  Most of the charged 
particles are removed as the gas passes through perforated lenses or 
grids and only the neutral gas molecules, including metastable species, 
remain.   A perforated grid at the exit of the DART provides several 
functions: (1) it prevents ion-ion and ion-electron recombination, (2) it acts 
as a source of electrons by surface Penning ionization, and (3) it serves 
as an electrode to promote ion drift toward the orifice of the mass 
spectrometer’s atmospheric pressure interface via simple electrostatic 
interactions. This provides the opportunity for the Penning ionization to be 
in a “filtered ambient atmosphere” so that the metastable species ionize 
atmospheric oxygen and/or water, which in turn provides the necessary 
! $%!
ionization energy to produce ionized species of the analyte.33a  The unique 
technique provides the mass spectrometrist a method to analyze samples 
as the intermediates form in their most fleeting moments (in “Real Time”).  
For example, 2-propenesulfenic acid and its isomer propanethial S-oxide 
have been successfully detected prior to rearrangement to allicin upon the 
slicing of a garlic clove.35 The method is particularly attractive to organic 
chemists36 due to its capacity to identify analytes that are combined as a 
mixture with closely related compounds, as in our isotopic labeling 
experiment.35 
 
The readout for our isotopic labeling experiment (Scheme 12) is 
shown in Figure 2 and reveals the complete transformation of starting 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)$&*!w,``28>1589/7!9:!Q80.>5!,/124787!8/!X.12!R8A.VP177!3`.>509A.504!)Q,XRBP3*!8/!*889N.!
=6.A87504F! #BG09`./.7H2:./8>! 1/E! #BG09`./.7H2:8/8>! ,>8E7J! Q812242! R087H2:1/.! k3kB\n8E.!
1/E!\56.0!X.1>58S.!3H2:H0!=9A`9H/E7! :09A!=0H76.E!-1028>!1/E!\56.0!,228HA7JK! !D29>MJ!
YFO!Q1/.J!,F!NFO!R69A17J!3FO!=9E4J!XF!DF!!3$%*#"96$%[55@%,-'.$!!"$"J-CJJ!%'"(V%'#&F!
)$'*! +CXP3! Q80.>524! @09A! RT=! 328E.7F! ,! G9_.0:H2! R992! :90! X1`8E! ,/124787! 9:! \0I1/8>!
P8n5H0.7JK!3A856J!gF!NFO!Q9A8/J!PF!,FO!3>955J!TF!RF-!"#$%&'(($!!""%J!);J!$%]$V$%]'F!!
! $&!
materials to products A and B.  There is clearly a predominance of peaks 
corresponding to [M+H]+ for structures A and B.  Although the peaks at 
188.1557 and 192.1839 could in principle correspond to deuterium 
crossover structures C and D, analogous control experiments carried out 
with only benzaldehyde or d6-benzaldehyde generate high-resolution 
mass spectra identical to the individual mass distributions seen in Figure 
2.  The presence of these signals is attributed to the natural abundance of 
13C and the starting level of enrichment in the commercial d6-
benzaldehyde.  Overall, the fact that aldehyde homologation proceeds by 
stereospecific intramolecular C–H bond migration bodes well for the future 
development of a catalytic asymmetric carbon insertion reaction with 
formyl acceptors.  
 
1.6 Biological Relevance of Achyrofuran. 
As a test of the utility of catalytic carbon insertion with a complex 
aldehyde, we commenced a total synthesis of the naturally occurring 
antihyperglycemic agent achyrofuran.37 Achyrofuran is isolated from the 
plant Achyrocline satureioides and is commonly known in Brazil as macela 
or marcela (see Figure 3).  This molecule contains two differentially 
oxygenated prenyl groups on a dibenzofuran core and has a long history 
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in traditional South American medicine38 More specifically, it shows 
considerable promise as a competitive inhibitor of AMP at the allosteric 
regulatory site of fructose 1,6-bisphosphatase (FBPase), which is a key 
enzyme in the liver for the gluconeogenesis pathway.39  This allosteric site 
is also the biological target of fructose-2,6-bisphosphate. When this small 
phosphorylated biomolecule is produced, as a function of high blood sugar 
levels, the enzymatic conversion of fructose-1,6-bisphosphate to fructose-
6-phosphate is diminished.  This step in the gluconeogenesis pathway is 
often described as the rate-limiting step in the production of glucose from 
smaller precursor biomolecules.  
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Currently, the same allosteric site naturally occupied by fructose-
2,6-bisphosphate is the site of therapeutic action by the biguanide 
pharamaceutical metformin, known as Glucophage™ by Bristol-Myers 
Squibb and Janumet™ by Merck (see Figure 3). As shown in Figure 4, the 
Kantrowitz group at Boston College has completed initial in silico docking 
studies whereby the natural product achyrofuran, as one potential 
diastereomer, was found to tightly dock in this allosteric site by way of five 
hydrogen-bonding interactions and nine hydrophobic interactions.37c   
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Figure 4:  Docking Simulation 
 
 
1.7 Synthesis of Preachyrofuran. 
Initially, a synthetic strategy was chosen that alleviates the 
challenge associated with early installation of the stereodefined allylic 
alcohol in one of the two prenyl domains.  This synthetic plan is attractive 
because it allows the complete carbon framework of the natural product to 
be prepared in approximately five steps by way of biomimetic oxidative 
dimerization.     
The pathway of synthesis of the monomer needed for 
homodimerization is shown in Scheme 13. Starting from the 1,3,5-
trimethoxybenzene, the prenyl group was installed using a standard aryl 
lithiation/alkylation event.  The resulting tetrasubstituted arene is then 
formylated under Vilsmeier-Haack conditions.  Reaction of 2-diazobutane 
with the complex benzaldehyde 26 gives the desired dialkylated 
trimethoxybenzene (27) in high yield.  It was during attempted global 
demethylation that the synthetic efficiency initially suffered. Only a 25% 
isolated yield of the desired disubstituted triphenol can be obtained using 
! $]!
the standard deprotecting agent boron tribromide under forcing 
conditions.40  It was at this point that a thorough scan of the literature 
identified an equally reactive but potentially less acidic de-etherification 
protocol.   
 
We suspected that tautomerization to the corresponding enol of 
ketone 27 can occur under the strongly Lewis acidic condition, possibly 
triggering decomposition pathways including Aldol reactions. Therefore, a 
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three-step sequence was envisioned to prohibit the formation of 
byproducts beginning with simple reduction of the carbonyl to the 
secondary alcohol (Scheme 13).  Although application of the BBr3 
conditions was met with a slight increase in the yield of the triphenol 
corresponding to 29, the search for an entirely different reagent was 
desirable in order to elevate the yield of the transformation to synthetically 
useful levels.  The BBr3 protocol was still delivering significant levels of 
byproducts that may be due to the hydrobromination of the trisubstituted 
alkene.41  Briefly, trichloroalane was tested as a substitute in the reaction, 
but to no avail; the production of a complex and impure reaction mixture 
was obtained (Scheme 14).  In turn this outcome prompted us to screen 
alternative deprotection reagents that would not generate such an acidic 
reaction medium.  
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The transformation was attempted with lithium dipheynylphosphide 
and the lithium anion of benzenethiol with hopes that a soft anion could 
offer a mechanism of nucleophilic deprotection under basic conditions.42 It 
is known that these nucleophiles are effective due to the resonance 
stabilization of the phenolate anion that engenders the appropriate level of 
O-Me bond weakening.  Yields exceeding 50% were recorded for both of 
these reagents, but each reaction also produced complex crude reaction 
mixtures (Scheme 14). The recognition of trimethylsilyl iodide as a highly 
active reagent in previous deprotection settings for phenolic methyl ethers 
encouraged us to try this reagent.43  Following its careful purification, 
trimethoxy benzyl alcohol 29 was effectively deprotected.  A nearly 
quantitative oxidation of the alcohol to the desired ketone 28 with Dess-
Martin periodinane44 provides a 60% isolated yield over three-steps that 
are highly reproducible (Scheme 14).  
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After successful tri-demethylation, the triphenol 28 undergoes 
efficient regioselective oxidative dimerization and dehydrative furan ring 
closure to give “pre-achyrofuran” 30, a structure that is likely the 
biosynthetic precursor of the natural product (Scheme 15).  A minor 
byproduct produced was the homodimer of the triphenol, which could be 
resubjected to the oxidative conditions for ring closure. 
 
At first glance the basis for a perfectly regioselective cyclization may not 
be obvious.  However, upon analysis of the dimerized product 31, the 
most nucleophilic phenolic oxygen and the site of highest electrophilicity 
can be easily rationalized (Scheme 16). 
! %$!
 
To assess which phenolic hydroxyl group is more electron rich, and 
therefore a better nucleophile, we considered the dimerized cation 
intermediate 31 (Scheme 16).  The oxygen that is para to the acyl 
substituent, or farther away from the electron-withdrawing group in an 
inductive sense, possesses a greater nucleophilicity than the other two 
phenolic oxygens situated ortho to the acyl group.  Of the two potential 
sites for Michael addition to the cyclic dienone moiety, the indicated 
carbon in 31 is a more electrophilic #"carbon because it is doubly 
activated thanks to the proximal the acyl group.  It deserves mention that 
the Fe(III)-catalyzed dimerization afford only uncyclized homodimer as the 
! %%!
coproduct, and we are confident that further improvement by optimization 
is likely. 
 
1.8 Further Synthetic Studies to Confirm the Natural 
Diastereomer of Achyrofuran. 
The final step in Nature’s synthesis of achyrofuran likely proceeds 
via enzyme-mediated oxidation of the prenyl group with allylic 
transposition.45 Although the absolute and relative configuration of 
achyrofuran still remains unknown, synthetic studies toward the target 
remain ongoing in our group.  Several approaches are currently being 
evaluated.  First among these involve attempts to install differentially 
oxidized prenyl groups by palladium-catalyzed coupling and modification 
of the protection strategy for the phenolic alcohols.   
Following a known procedure the two-step protection to incorporate 
benzyl ethers on the naturally occurring phloroglucinol starting 
material,46,47 the 1,3,5-tris(benzyloxy)benzene is monobrominated 
quantitatively by modification of a previously reported method (Scheme 
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17).48  The protected bromoarene 32 is then subjected to palladium 
catalyzed Stille coupling49 with tributyl(3-methyl-2-butenyl)stannane50 to 
afford prenyl-substituted arene 33 in 65% yield after recrystallization from 
hot methanol.  Following the Vilsmeier formylation and aldehyde 
homologation as before (vida supra), the benzyl groups can be 
hydrogenatively deprotected to deliver the same monomer as previously 
synthesized (28).   
 
One possible strategy is to homodimerize acylbromoarene 34 
under oxidative conditions and then use well-timed Stille couplings to 
install the necessary prenyl domains (Scheme 18, eq i ).  If the 
acylbromoarene 34 fails to undergo efficient oxidative dimerization or the 
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Stille reaction cannot be performed with the oxygenated prenyl tin(IV) 
reagent, then “preachyrofuran” could be intercepted by a cycloaddition 
reaction with singlet oxygen, known as the Schenck ene reaction. This 
would be followed by a reduction of the intermediate peroxide to secure a 
separable mixture of diastereomers for structure determination purposes 
(Scheme 18, eq ii ).51  Literature precedent does show promise for the 
desired chemoselectivity of the Schenck ene reaction on the aromatic 
prenyl group with the empirical development of the “cis effect” and 
“geminal effect”.52 If the stoichiometry of the reactive oxygen species 
relative to the benzofuranoid substrate proves too untamed, then the 
Schenck reaction can be employed during the monomeric stage (Scheme 
18, eq. iii ).  Following biomimetic oxidative dimerization with the 
unoxygenated counterpart (28), the statistical mixture of constitutional 
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isomers and diastereomers could be separated for full structural 
confirmation. 
 
The potential to rapidly assemble multiple derivatives of this 
dibenzofuranoid natural product by way of our modular synthesis 
pathways will facilitate in vitro studies with this small library of 
molecules.37c   
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1.9 Conclusions.  
Research to expand the scope and generality of formal aldehyde 
C–H insertions with a diversity of nonstabilized diazoalkanes has been 
performed and communicated.1  Our studies have been inspired by the 
traditional Roskamp reaction which affords only #-keto esters from 
carbonyl-stabilized diazo compounds.  Engaging a hybrid oxidation 
protocol based on literature precedent has facilitated the use of previously 
inaccessible non-stabilized diazoalkanes in the homologation of aldehydes 
to homologous ketones.   In addition to the studies on diversification of the 
coupling partners in this “modified Roskamp” method, support for a vital 
mechanistic prerequisite to the development of an enantioselective 
method has been established. Evidence for a C–H shift mechanism was 
observed in an isotopic labeling study and also by studying the synthesis 
and reactivity of other potential reaction intermediates.  Application of the 
aldehyde homologation method to the synthesis of a complex aryl ketone 
in efforts towards the natural product achyrofuran has also been 
disclosed. 
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1.10 Experimentals. 
General.  Infrared spectra were recorded on a Mettler-Toledo 
ReactIR iC10 spectrophotometer, &max in cm
-1.  Bands are reported as 
strong (s), medium (m), weak (w), and broad (br).  1H NMR spectra were 
recorded on a Varian Gemini 2000 (400 MHz) spectrometer.  Chemical 
shifts are reported in ppm from tetramethylsilane with the solvent 
resonance as the internal standard (CHCl3: ' 7.26, (CH3)2SO: ' 2.50).  
Data are reported as follows:  chemical shift, multiplicity (s = singlet, d = 
doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling 
constants (Hz), and integration.  13C NMR were recorded on a Varian 
Gemini 2000 (100 MHz) spectrometer with complete proton decoupling.  
Chemical shifts are reported in ppm from tetramethylsilane with the 
solvent as the internal reference (CDCl3: ' 77.16, (CD3)2SO: ' 39.52).  
High-resolution mass spectra were obtained at the Boston College Mass 
Spectrometry Facility. 
 Unless stated otherwise, all reactions were carried out in flame-dried 
glassware under an atmosphere of nitrogen in dry, degassed solvent with 
standard Schlenk or vacuum-line techniques.  THF, Et2O, toluene, CH2Cl2, 
DMF, pentane, and hexanes were dispensed from a Glass Contour 
solvent purification system custom manufactured by SG Waters LLC 
(Nashua, NH).  Triisopropylsilylhydrazine was prepared as previously 
described.22  Acetone was dried over calcium sulfate and distilled under 
! &U!
nitrogen. Benzaldehyde (Aldrich), acetophenone (Aldrich), propiophenone 
(Aldrich), and 1,1,3,3-tetramethylguanidine (Acros) were vacuum distilled 
over calcium hydride.  Dihydrocinnamaldehyde (Aldrich), 2-
methoxybenzaldehyde (Aldrich), 4-methoxybenzaldehyde (Aldrich), 2-
pyridinecarbox-aldehyde (Aldrich), furfural (Aldrich), pivalaldehyde 
(Aldrich), mesitaldehyde (Aldrich), and 4,5-dimethylthiophene-2-
carboxaldehyde (Aldrich) were distilled under vacuum. 4-Trifluoro-
methylbenzaldehyde (Aldrich), 2-bromobenzaldehyde (Aldrich), 2-
chlorobenzaldehyde (Aldrich), 2-butanone (Aldrich), cyclopropyl methyl 
ketone (Aldrich), and 2-fluorobenzaldehyde (Aldrich) were distilled under 
nitrogen atmosphere.  Geranial was prepared from geraniol by careful 
oxidation according to a known method.53  4-Nitrobenzaldehyde (Aldrich) 
was recrystallized from water-isopropanol.  Pb(OAc)4 (Aldrich), after 
dissolution in minimal hot glacial acetic acid, deposited as bright white 
needles upon cooling.  The crystals were washed in a fritted Schlenk filter 
with pentane, dried under vacuum, and then stored in a glovebox at –20 
°C.  Hydrazine hydrate (Aldrich), TBAF (Acros), 4-
dimethylaminobenzaldehyde (Aldrich), 2-methoxy-1-indanone (Aldrich), 2-
cyclohexen-1-one (Aldrich), 3-phenyl-2-propynal (Aldrich), powdered 4 Å 
molecular sieves (Aldrich), and Sc(OTf)3 (Aldrich) were purchased and 
used as received.  Unprotected hydrazones were prepared as described 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)&$*! +\n8E1589/! 9:! g.092! 59! g.012! _856! ?9E979<./a./.! 1/E! RYPG\J! u)Z*B$J(BQ8A.5642B#J'B
9>51E8./12vJK!G81/>15.228J!-FO!T.9/.228J!@F!!"#$%4I+$!!""+J!JAJ!"dB#$F!
! &"!
previously.54  Column chromatography was performed with EMD silica gel 
60 (230-400 mesh) and driven with compressed air.  Analytical TLC was 
carried out with EMD silica gel 60 F254 precoated plates (250 µm 
thickness) and a ceric ammonium molybdate or potassium permanganate 
stain for spot visualization. 
 
Representative Procedure for Aliphatic Diazoalkane Synthesis and 
Handling: 
2-Cyclohexen-1-one N-triisopropylsilylhydrazone.  A 50 
mL round bottom flask equipped with a Teflon-coated stir bar 
and a jointed vacuum adapter was charged with powdered 4 
Å molecular sieves (4 g) and then flame-dried under vacuum.  After 
backfilling with nitrogen, the vacuum adapter was swapped for a rubber 
septum, and 2-cyclohexen-1-one (1.06 g, 11.0 mmol, 1.0 equiv) and THF 
(22 mL) were added successively with stirring.  The suspension was then 
cooled to 0 °C, and triisopropylsilylhydrazine (2.08 g, 11.0 mmol, 
measured by mass difference into a gas tight syringe) was slowly added 
dropwise using a syringe pump (2 h).  After 30 min of additional stirring, 
the mixture was filtered through a pad of celite in a sintered glass Schlenk 
filter into a dry 100 mL round bottom flask cooled to 0 ºC.  The original 
flask, molecular sieves, and celite were washed with two additional 10 mL 
portions of cold Et2O.  The resulting homogeneous filtrate was 
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concentrated on a rotovap equipped with an oil-free diaphragm pump (3-
10 torr) to afford 2.90 g (11.0 mmol, >98%) of product as a colorless oil 
(~3:2 E:Z mixture, >98% pure by 1H NMR analysis).  If not used directly in 
the subsequent oxidation, this material was stored under nitrogen  
atmosphere at –20 °C. 
 
3-Diazocyclohex-1-ene.  A flame-dried 50 mL round bottom flask 
equipped with an oversized Telflon-coated stir bar was charged 
with 2-cyclohexen-1-one N-triisopropylsilylhydrazone (402 mg, 1.51 mmol) 
and 10 mL of THF.  After cooling the colorless solution to 0 ºC, 1.51 mL of 
TBAF (1.0 M in THF, 1.51 mmol, 1.0 equiv) was added by syringe, at 
which point a yellow-orange discoloration immediately occurred.  The 
solution was stirred for 10 min and then concentrated under vacuum.  
Without purification and in the same vessel, the crude hydrazone was 
freed of residual solvent under vacuum, backfilled with nitrogen, and 
redissolved in 15 mL of DMF and 4.36 mL 1,1,3,3-tetramethylguanidine 
(34.7 mmol, 23 equiv).  The resulting light pink solution was cooled to –45 
°C (dry ice/1:1 ethanol:ethylene glycol) and Pb(OAc)4, finely powdered 
and weighed into a large vial in a glovebox (736 mg, 1.66 mmol, 1.1 
equiv), was added in three portions.  After 45 min of stirring at –45 °C, 15 
mL of precooled pentane was added and the mixture was stirred 
vigorously for 1 min.  The violet pentane layer was removed with a syringe 
and transferred to a 100 mL pear-shaped flask cooled to –78 °C.  The 
N2
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extraction step was repeated two to three more times (15 mL of pentane) 
until the extract was no longer colored. The combined pentane layers 
were washed once with 15 mL of 30% aqueous potassium hydroxide 
solution and twice with 15 mL portions of saturated aqueous ammonium 
chloride.  In each case, prolonged (>30 sec) vigorous stirring was allowed, 
the aqueous layer was removed by syringe, and warming above the 
freezing point (–20 °C) was required for miscibility; these washes serve 
(respectively) to remove residual DMF and tetramethylguanidine from the 
organic extract – a prerequisite for efficient catalytic carbon insertion but 
not esterification.  The diazoalkane solution was then transferred with 
rinsing (freezing the final aqueous wash at –78 °C is most convenient) to a 
100 mL round bottom and concentrated under high vacuum at –45 °C to 
afford 3-diazocyclohex-1-ene as a violet solid.  The NMR data that follow 
represent direct assay of this material without further purification.  IR 
(PhCH3): 2946 (m), 2867 (m), 2038 (s), 1247 (m), 885 (m).  
1H NMR (400 
MHz, CDCl3): d 6.01 (dt, J = 9.8, 2.0 Hz, 1H), 5.28 (dt, J = 9.8, 4.0 Hz, 
1H), 2.61 (t, J = 6.4 Hz, 2H), 2.08 (ddt, J = 6.0, 4.0, 2.0 Hz, 2H), 1.77 (dt, J 
= 6.4, 6.0, 2H).  Typically, the solid is immediately redissolved in toluene 
and transferred (quantitatively, with rinsing) by cannula to a 1 mL 
volumetric flask.  The active titer is determined by esterification with 
benzoic acid.  Thus, 100 #L of the stock solution was diluted with 1 mL of 
THF in a 5 mL round bottom flask, cooled to –45 °C, and treated with 
benzoic acid dropwise by syringe (166 #L of 1.0 M in THF, 0.166 mmol, 
! &%!
1.1 equiv based on theoretical).  Upon slow warming from –45 °C, the 
reaction mixture became colorless and nitrogen evolution was observed.  
This mixture was diluted with Et2O (10 mL) and saturated sodium 
bicarbonate (10 mL) and transferred to a separatory funnel.  After removal 
of the organic layer, the aqueous layer was washed with two additional 5 
mL volumes of Et2O.  The pooled extract was dried over magnesium 
sulfate and concentrated to a light yellow oil.  Purification by silica gel 
chromatography (TLC Rf = 0.28 in 97:3 hexanes:ethyl acetate) afforded 
12.5 mg of the benzoate ester (41% yield, indicative of a 0.62 M stock 
solution of diazoalkane).  Characterization follows for 2-cyclohexene-1-
benzoate.  IR (thin film): 2937 (w), 2867 (w), 1710 (s), 1451 (w), 1336 (w), 
1314 (w), 1266 (s), 1175 (w), 1110 (m), 1069 (w), 1026 (w), 709 (s).  1H 
NMR (400 MHz, CDCl3): d 8.06 (dd, J = 8.2, 1.2 Hz, 2H), 7.55 (dt, J = 7.6, 
1.2 Hz, 1H), 7.43 (t, J = 8.0 Hz, 2H), 6.01 (ddt, J = 10.0, 3.2, 2.0 Hz, 1H), 
5.51 (dt, J = 5.2, 1.6 Hz, 2H), 2.18-1.95 (m, 3H), 1.92-1.80 (m, 2H), 1.75-
1.68 (m, 1H).  13C NMR (100 MHz, CDCl3):  d 166.3, 132.9, 132.8, 130.9, 
129.7, 128.4, 125.9, 68.8, 28.6, 25.3, 19.2.  HRMS (ESI+) Calcd for 
C13H15O2
+ [M+H]+: 203.1072; Found: 203.1072. 
! &&!
 
Representative Procedure for Aryl Hydrazone Synthesis: 
 
Benzaldehyde hydrazone.  In a 2 dram vial equipped with 
a Teflon-coated stir bar, benzaldehyde (1.00 g, 9.43 mmol) 
was suspended in 2.0 mL of hydrazine hydrate.  After 
sealing the vial with a Teflon-lined screw cap, the heterogeneous mixture 
was stirred rapidly with heating at 100 ºC.  After 6 h, the mixture was 
cooled to 23 °C and the product was extracted with three 2 mL portions of 
CH2Cl2.  The combined extracts were dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to afford 1.10 g (9.16 mmol, 
97%) of a colorless oil.  This known compound was >98% pure and 
consisted of a >98:2 E:Z mixture according to 1H NMR analysis. 
 
Phenyldiazomethane.  Prepared from benzaldehyde 
hydrazone according to the known procedure.24a  IR (PhCH3): 
2975 (w), 2852 (w), 2062 (s), 1596 (m), 1499 (m), 1381 (m), 
1184 (w), 1068 (m), 913 (w).  1H NMR (400 MHz, CDCl3): ' 7.31 (t, J = 7.6 
Hz, 2H), 7.06 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 7.6 Hz, H), 4.96 (s, 1H). 
! &'!
 
Representative Procedure for Catalytic Homologation: 
 
1,2-Diphenylethanone (2a).  In a glovebox, a flame-
dried 1 dram vial equipped with a Teflon-coated flea stir 
bar was charged with Sc(OTf)3 (5.0 mg, 0.010 mmol, 
0.10 equiv), sealed with a rubber septum, and removed from the glovebox.  
In a fume hood, toluene (0.50 mL, 0.2 M) was added by syringe, 
suspending but not dissolving the catalyst.  After cooling the mixture to –
78  °C, benzaldehyde (10.3 #L, 0.102 mmol, 1.0 equiv) and 
phenyldiazomethane (1.5 M in toluene, 74.5 #L, 0.112 mmol, 1.1 equiv, 
solution kept cold at –78 °C) were added in succession to the stirring 
reaction mixture by syringe.  The reaction was stirred for 10 min at –78 °C, 
at which point the characteristic red color of the nucleophile had 
dissipated, leaving a turbid light yellow suspension.  The reaction mixture 
was concentrated with a nitrogen purge and purified by flash 
chromatography (TLC Rf = 0.31 in 9:1 hexanes:ethyl acetate) affording 
19.5 mg (0.0996 mmol, 98%) of 2a as colorless oil.  Characterization data 
for 2a has been recorded previously.55 
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1-(4-Methoxyphenyl)-2-phenylethanone (2b).  
Prepared according to the general procedure on a 
scale of 0.061 mmol of p-methoxybenzaldehyde 
(7.4 µL), 0.067 mmol of phenyldiazomethane (42.4 µL of a 1.68 M solution 
in toluene, 1.1 equiv), and 0.0060 mmol of Sc(OTf)3 (3.0 mg, 0.10 equiv) 
in 97% yield (0.0590 mmol, 13.4 mg) after chromatographic purification 
(TLC Rf = 0.26 in 95:5 hexanes:ethyl acetate.  Characterization data for 
2b has been recorded previously.56 
 
1-(4-Dimethylaminophenyl)-2-phenylethanone 
(2c).  Prepared according to the general procedure 
on a scale of 0.102 mmol of p-
(dimethylamino)benzaldehyde (15.2 mg, 1.0 equiv), 0.117 mmol of 
phenyldiazomethane (76.0 µL of a 1.45 M solution in toluene, 1.1 equiv), 
and 0.010 mmol of Sc(OTf)3 (4.9 mg, 0.10 equiv) in 98% yield (0.0993 
mmol, 23.7 mg) after chromatographic purification (TLC Rf = 0.25 in 90:10 
hexanes:ethyl acetate).  Characterization data for 2c has been recorded 
previously.57 
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1-(4-Nitrophenyl)-2-phenylethanone (2d).  
Prepared according to the general procedure on a 
scale of 0.102 mmol of p-nitrobenzaldehyde (15.3 
mg), 0.117 mmol of phenyldiazomethane (76.0 µL of a 1.45 M solution in 
toluene, 1.1 equiv), and 0.010 mmol of Sc(OTf)3 (4.9 mg, 0.10 equiv) in 
91% yield (0.0924 mmol, 22.4 mg) after chromatographic purification (TLC 
Rf = 0.25 in 90:10 hexanes:ethyl acetate).  2d has been synthesized 
previously, yet characterization data was not reported.58  IR (thin film): 
1694 (s), 1518 (m), 1351 (m), 746 (w).  1H NMR (400 MHz, CDCl3): ' 4.34 
(s, 2H), 7.28-7.41 (m, 5H), 8.18 (d, J = 8.8 Hz, 2H), 8.34 (d, J = 8.8 Hz, 
2H).  13C NMR (100 MHz, CDCl3): ' 44.6, 120.1, 123.7, 126.3, 129.1, 
129.6, 129.8, 139.1, 152.6, 196.4.  HRMS (ESI+) Calcd for C14H12NO3
+ 
[M+1]+: 242.0772; Found: 242.1100. 
 
1-(4-Trifluoromethylphenyl)-2-phenylethanone 
(2e).  Prepared according to the general procedure 
on a scale of 0.0830 mmol of p-
trifluoromethylbenzaldehyde (14.5 mg), 0.091 mmol of 
phenyldiazomethane (160 µL of a 0.57 M solution in toluene, 1.1 equiv), 
and 0.0080 mmol of Sc(OTf)3 (4.1 mg, 0.10 equiv) in 97% yield (0.0805 
mmol, 21.2 mg) after chromatographic purification (TLC Rf = 0.30 in 90:10  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)&d*! +,! 78A`2.J! H7.0B:08./E24! `09>.77! :90! 56.! 69A929I1589/! 9:! 12E.64E.7! H78/I!
5974264E01a9/.!71257JK!!,II10_12J![F!;FO!E.![8>./5.J!NFO!G.2958.0J!DFO!C92A.7J!?F!GFO!D9//.05J!
XF![F!G'("0-'@"5+%&'((F!!"""J!D)J!"U$#(B"U$$"F!
! &]!
hexanes:ethyl acetate).  Characterization data for 2e has been recorded 
previously.59 
 
1-(2-Methoxyphenyl)-2-phenylethanone (4a).  
Prepared according to the general procedure on a 
scale of 0.104 mmol of o-anisaldehyde (15.5 mg), 
0.114 mmol of phenyldiazomethane (200 µL of a 0.57 M solution in 
toluene, 1.1 equiv), and 0.010 mmol of Sc(OTf)3 (4.9 mg, 0.10 equiv) in 
96% yield (0.100 mmol, 22.6 mg) after chromatographic purification (TLC 
Rf = 0.30 in 95:5 hexanes:ethyl acetate).  Characterization data for 4a has 
been recorded previously.60 
 
1-(2-Chlorophenyl)-2-phenylethanone (4b).  
Prepared according to the general procedure on a 
scale of 0.0830 mmol of o-chlorobenzaldehyde (11.7 
mg), 0.091 mmol of phenyldiazomethane (55 µL of a 1.66 M solution in 
toluene, 1.1 equiv), and 0.0080 mmol of Sc(OTf)3 (4.1 mg, 0.10 equiv) in 
95% yield (0.078 mmol, 18.2 mg) after chromatographic purification (TLC 
Rf = 0.30 in 95:5 hexanes:ethyl acetate).  IR (thin film): 2918 (w), 1699 (s), 
1432 (m), 756 (m), 700 (m).  1H NMR (400 MHz, CDCl3): ' 4.26 (s, 2H), 
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7.21-7.44 (m, 9H).  13C NMR (100 MHz, CDCl3): ' 43.8, 126.7, 127.5, 
129.0, 129.2, 129.3, 129.5, 129.7, 131.0, 134.5, 135.6, 201.5.  HRMS 
(ESI+) Calcd for C14H12ClO
+ [M+1]+: 231.0532; Found: 231.1096. 
 
1-(2-Fluorophenyl)-2-phenylethanone (4c). Prepared 
according to the general procedure on a scale of 0.100 
mmol of o-fluorobenzaldehyde (10.5 µL), 0.110 mmol 
of phenyldiazomethane (66.3 µL of a 1.66 M solution in toluene, 1.1 
equiv), and 0.010 mmol of Sc(OTf)3 (5.0 mg, 0.10 equiv) in 89% yield 
(0.0890 mmol, 19.1 mg) after chromatographic purification (TLC Rf = 0.30 
in 95:5 hexanes:ethyl acetate).  4c has been synthesized previously.61  IR 
(thin film): 3028 (w), 1691 (s), 1109 (m), 907 (m), 732 (m). 1H NMR (400 
MHz, CDCl3): ' 4.31 (s, 2H), 7.21-7.44 (m, 5H), 7.71 (d, 2H, J = 8.6 Hz), 
8.10 (d, J = 8.6 Hz, 2H).  13C NMR (100 MHz, CDCl3): ' 44.9, 115.2, 
125.3, 127.0, 127.4, 127.5, 129.2, 129.3, 129.6, 134.5, 135.1, 201.4.  
HRMS (ESI+) Calcd for C14H12FO
+ [M+1]+: 215.0827; Found: 215.1098. 
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2-Phenylacetylpyridine (5).  Prepared according to 
the general procedure on a scale of 0.083 mmol of 
pyridine-2-carboxaldehyde (8.9 mg), 0.0912 mmol of 
phenyldiazomethane (61.0 µL of a 1.50 M solution in toluene,  1.1 equiv), 
and 0.0080 mmol of Sc(OTf)3 (4.1 mg, 0.10 equiv) in 84% yield (0.0698 
mmol, 13.8 mg) after chromatographic purification (TLC Rf = 0.30 in 85:15 
hexanes:ethyl acetate).  Characterization data for 5 has been recorded 
previously.62 
 
1-(2-Furyl)-2-phenylethanone (6).  Prepared according 
to the general procedure on a scale of 0.10 mmol of 
furfural (8.3 µL), 0.110 mmol of phenyldiazomethane 
(66.3 µL of a 1.66 M solution in toluene, 1.1 equiv), and 0.010 mmol of 
Sc(OTf)3 (4.9 mg, 0.10 equiv) in 90% yield (0.090 mmol, 16.8 mg) after 
chromatographic purification (TLC Rf = 0.30 in 90:10 hexanes:ethyl 
acetate).  6 has been synthesized previously, yet characterization data 
was not reported.63  IR (thin film): 1669 (s), 1465 (m), 722 (m), 432 (w).  
1H NMR (400 MHz, CDCl3): ' 4.06 (s, 2H), 6.45 (dd, J = 3.5, 1.8 Hz, 1H), 
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7.10 (dd, J = 3.5, 0.7 Hz, 1H), 7.15 (m, 5H), 7.58 (dd, J = 1.8, 0.8 Hz, 1H).  
13C NMR (100 MHz, CDCl3): ' 40.8, 112.6, 118.6, 127.5, 129.2, 129.7, 
135.6, 147.1, 152.1, 185.0.  HRMS (ESI+) Calcd for C12H11O2
+ [M+1]+: 
187.0714; Found: 187.1147. 
 
1-Diazo-1-phenylpropane (8).  Prepared from 
propiophenone hydrazone according to the known 
procedure.1a  IR (PhCH3): 2044 (s), 1586 (w), 1496 (w).  
1H NMR (400 MHz, CDCl3): ' 7.36 (t, J = 8.5 Hz, 2H), 7.05 (t, J = 7.1 Hz, 
1H), 6.92 (dd, J = 8.8, 1.2 Hz, 2H), 2.21 (q, J = 7.9 Hz, 2H), 1.14 (t, J = 8.5 
Hz, 3H). 
 
1-(4,5-Dimethylthiophen-2-yl)-2-phenylbutan-1-
one (9).  Prepared according to the general 
procedure on a scale of 0.0610 mmol of thiophene 
carboxaldehyde 7 (7.25 µL, 1.0 equiv), 0.067 mmol of 1-phenyl-1-
diazopropane (250 µL of a 0.27 M solution in toluene, 1.1 equiv), and 
0.0060 mmol of Sc(OTf)3 (3.0 mg, 0.10 equiv) in 82% yield (0.0503 mmol, 
13.1 mg) after chromatographic purification (TLC Rf = 0.30 in 97.5:2.5 
hexanes:ethyl acetate).  IR (thin film): 2963 (w), 2927 (w), 1640 (s), 1440 
(m), 1170 (m) 699 (m).  1H NMR (400 MHz, CDCl3): ' 0.87 (t, J = 7.7 Hz, 
3H), 2.11 (s, 2H), 2.36 (s, 3H), 4.43 (t, J = 7.8 Hz, 1H), 7.18-7.33 (m, 5H), 
7.39 (s, 1H).  13C NMR (100 MHz, CDCl3): ' 12.4, 14.1, 14.3, 27.3, 56.8, 
! '$!
127.0, 127.9, 128.3, 129.0, 129.2, 135.6, 139.5, 140.1, 192.5.  HRMS 
(ESI+) Calcd for C16H19OS
+ [M+1]+: 259.1112; Found: 259.1457. 
 
2-Phenylbenzaldehyde hydrazone.  In a 2 dram vial 
equipped with a Teflon-coated stir bar, 2-
phenylbenzaldehyde (0.120 g, 0.658 mmol) was dissolved 
in 0.35 mL (11 equiv) of hydrazine hydrate and 0.66 mL of 
ethanol.  After sealing the vial with a Teflon-lined screw cap, the 
homogeneous mixture was stirred rapidly with heating at 100 ºC.  After 10 
h, the mixture was cooled to 23 °C, and the product was extracted with 
three 4 mL volumes of CHCl3.  The combined extracts were concentrated 
and then dried by azeotropic removal of water with benzene and 
concentrated under reduced pressure to afford 0.119 g (0.606 mmol, 92%) 
of a white solid.  This material was converted directly to 10 without further 
purification.  1H NMR (400 MHz, CDCl3): ' 5.44 (s, 2H), 7.37-7.46 (m, 8H), 
7.70 (s, 1H), 7.96 (m, 1H).  HRMS (ESI+) Calcd for C13H13N2
+ [M+1]+: 
197.1034; Found: 197.1104. 
 
2-(Diazomethyl)biphenyl (10).  Prepared from 2-
phenylbenzaldehyde hydrazone according to the known 
procedure.1a  IR (PhCH3): 2050 (s), 1595 (m), 1381 (w), 1121 
(w), 910 (w).  1H NMR (400 MHz, CDCl3): ' 4.92 (s, 1H), 7.41-7.51 (m, 
8H), 8.35 (m, 1H). 
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2-(Biphenyl-2-yl)-1-(4,5-dimethylthiophen-2-
yl)ethanone (11).  Prepared according to the 
general procedure on a scale of 0.061 mmol of 
thiophene carboxaldehyde 7 (7.3 µL), 0.0670 mmol 
of 2-(diazomethyl)biphenyl (213 µL of a 0.314 M solution in toluene, 1.1 
equiv), and 0.0060 mmol of Sc(OTf)3 (3.0 mg, 0.10 equiv) in 74% yield 
(0.0453 mmol, 11.1 mg) after chromatographic purification (TLC Rf = 0.30 
in 95:5 hexanes:ethyl acetate).  IR (thin film): 2922 (w), 1659 (s), 1438 (w), 
1187 (m), 719 (w), 704 (w). 1H NMR (400 MHz, CDCl3): ' 2.04 (s, 3H), 
2.34 (s, 3H), 4.09 (s, 2H), 7.01 (s, 1H), 7.28-7.44 (m, 9H). 13C NMR (100 
MHz, CDCl3): ' 13.7, 14.2, 43.1, 127.0, 127.2, 128.2, 127.7, 128.3, 129.5, 
130.2, 130.6, 134.8, 135.5, 138.7, 141.4, 142.3, 143.9, 190.5.  HRMS 
(ESI+) Calcd for C20H19OS
+ [M+1]+: 307.1112; Found: 307.1532. 
 
1-Diazo-1-phenylethane (12).  Prepared from 
acetophenone hydrazone according to the known 
procedure.1a  IR (PhCH3): 2038 (s), 1596 (w), 1501 (w).  
1H 
NMR (400 MHz, CDCl3): ' 7.34 (t, J = 8.4 Hz, 2H), 7.05 (t, J = 7.2 Hz, 1H), 
6.92 (dd, J = 8.8, 1.2 Hz, 2H), 2.17 (s, 3H). 
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1-Mesityl-2-phenylpropan-1-one (13).  Prepared 
according to the general procedure with 
adjustment of reaction temperature to "45 °C on a 
scale of 0.0812 mmol of mesitaldehyde (12.0 µL), 0.162 mmol of 1-diazo-
1-phenylethane (144 µL of a 1.13 M solution in toluene, 2.0 equiv), and 
0.016 mmol of Sc(OTf)3 (8.0 mg, 0.10 equiv) in 63% yield (0.0512 mmol, 
12.9 mg) after chromatographic purification (TLC Rf = 0.30 in 97.5:2.5 
hexanes:ethyl acetate).  IR (thin film): 2976 (w), 2930 (w), 1697 (s), 1453 
(m), 698 (w).  1H NMR (400 MHz, CDCl3): ' 1.60 (d, J = 7.7 Hz, 3H), 1.88 
(s, 6H), 2.24 (s, 3H), 4.17 (q, J = 7.8 Hz, 1H), 6.78 (s, 2H), 7.18-7.36 (m, 
5H). 13C NMR (125 MHz, CDCl3): 16.8, 19.3, 21.2, 54.3, 127.4, 128.5, 
128.7, 128.8, 133.5, 138.5, 138.7, 139.2, 209.9.  HRMS (ESI+) Calcd for 
C18H21O
+ [M+1]+: 253.1548; Found: 253.1863. 
 
5-Methoxy-indan-1-one hydrazone.  In a 2 dram 
vial equipped with a Teflon-coated stir bar, 2-
methoxy-1-indanone (0.20 g, 1.2 mmol) was 
dissolved in 2.5 mL of ethanol and added to 0.60 mL (10 equiv) of 
hydrazine hydrate.  After sealing the vial with a Teflon-lined screw cap, the 
homogeneous mixture was stirred rapidly with heating at 100 ºC.  After 10 
h, the mixture was cooled to 23 °C and the product was extracted with 
three 8 mL portions of CHCl3.  The combined extracts were dried over 
! ''!
sodium sulfate, filtered, and concentrated under reduced pressure to 
afford 0.193 g (1.10 mmol, 89%) of an ivory solid.  This material was taken 
directly into the oxidation reaction without further purification.  1H NMR 
(400 MHz, CDCl3): ' 2.69 (t, J = 6.4 Hz, 2H), 3.08 (t, J = 6.4 Hz, 2H), 3.81 
(s, 3H), 5.03 (br s, 2H), 6.81 (s, 1H), 6.83, (d, J = 8.8 Hz, 1H), 7.55 (d, J = 
8.8 Hz, 1H).  HRMS (ESI+) Calcd for C28H31O3
+ [M+1]+: 415.2228; Found: 
415.2264. 
 
1-Diazo-5-methoxy-indane (14).  Prepared from 5-
methoxy-indan-1-one hydrazone according to the 
general procedure for aliphatic diazoalkane synthesis 
and handling.  Used in homologation reactions immediately following the 
preparation of a concentrated solution in toluene. 
 
2-Bromophenyl(5-methoxy-indan-1-
yl)methanone (15).  Prepared according to the 
general procedure on a scale of 0.122 mmol of 
2-bromobenzaldehyde (14.0 µL), 0.134 mmol of 1-diazo-5-methoxy-
indane (200 µL of a 0.67 M solution in toluene, 1.1 equiv), and 0.012 mmol 
of Sc(OTf)3 (6.0 mg, 0.10 equiv) in 62% yield (0.0756 mmol, 25.1 mg) after 
chromatographic purification (TLC Rf = 0.30 in 95:5 hexanes:ethyl 
acetate).  IR (thin film): 2939 (w), 1599 (s), 1489 (m), 1262 (m), 1028 (m), 
758 (w).  1H NMR (400 MHz, CDCl3): ' 1.11 (t, J = 6.8 Hz, 2H), 3.48 (q, J 
N2
MeO
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= 8.7 Hz, 2H), 3.79 (s, 3H), 3.84 (t, J = 6.9 Hz, 1H), 6.65 (d, J = 8.8 Hz, 
1H), 6.80 (s, 1H), 6.91 (d, J = 8.8 Hz, 1H), 7.19-7.37 (m, 3H), 7.61 (d, J = 
8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): ' 29.2, 32.2, 43.7, 47.0, 55.5, 
55.6, 56.4, 71.9, 73.0, 87.3, 110.2, 112.6, 117.1, 119.1, 125.9, 127.4, 
128.7, 131.3, 132.5, 133.5, 142.0, 146.5, 159.7, 204.7 HRMS (ESI+) 
Calcd for C17H16BrO2
+ [M+1]+: 332.0235; Found: 332.0382. 
 
1-Cyclopropylethanone hydrazone.  In a 2 dram vial 
equipped with a Teflon-coated stir bar, cyclopropyl methyl 
ketone (0.20 mL, 2.1 mmol) was suspended in 1.14 mL (10 equiv) of 
hydrazine hydrate.  After sealing the vial with a Teflon-lined screw cap, the 
homogeneous mixture was stirred rapidly with heating at 100 ºC.  After 10 
h, the mixture was cooled to 23 °C and the product was extracted with 
three 8 mL portions of CHCl3.  The combined extracts were dried over 
sodium sulfate, filtered, and concentrated under reduced pressure to 
afford 0.200 g (2.04 mmol, 95%) of a clear oil.  This material was taken 
directly into the oxidation reaction without further purification.  1H NMR 
(400 MHz, CDCl3): ' 0.59-0.71 (m, 2H), 0.77-0.86 (m, 1H), 1.48-1.75 (m, 
2H), 1.65 (s, 3H), 4.81 (br s, 2H).  HRMS (ESI+) Calcd for C5H11N2
+ 
[M+1]+: 99.0878; Found: 99.0736. 
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1-Cyclopropyl-1-diazoethane (16).  Prepared from 1-
cyclopropylethanone hydrazone according to the general 
procedure for aliphatic diazoalkane synthesis and handling (see 
compound 18 for isolation procedure).  Used in homologation reactions 
immediately following the preparation of a concentrated solution in 
toluene. 
 
1-(2-Bromophenyl)-2-cyclopropylpropan-1-one (17).  
Prepared according to the general procedure on a scale 
of 0.061 mmol of 2-bromobenzaldehyde (8.8 µL,), 0.067 
mmol of 1-cyclopropyl-1-diazoethane (60 µL of a 1.10 M solution in 
toluene, 1.1 equiv), and 0.0060 mmol of Sc(OTf)3 (3.0 mg, 0.10 equiv) in 
74% yield (0.0450 mmol, 11.4 mg) after chromatographic purification (TLC 
Rf = 0.30 in 90:10 hexanes:ethyl acetate).  IR (thin film): 2972 (w), 1701 
(s), 1429 (m), 1214 (m), 1022 (w), 968 (w), 757 (w).  1H NMR (400 MHz, 
CDCl3): ' 0.10 (m, 2H), 0.48 (m, 2H), 1.30 (d, J = 8.6 Hz, 3H), 2.57 (m, 
1H), 7.23-7.38 (m, 3H), 7.59 (d, J = 8.7 Hz, 1H). 13C NMR (125 MHz, 
CDCl3): ' 3.8, 4.8, 14.7, 15.7, 50.6, 118.6, 127.3, 128.3, 131.0, 133.3, 
143.1, 208.1.  HRMS (ESI+) Calcd for C12H14BrO
+ [M+1]+: 254.0129; 
Found: 255.0209. 
CH3
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2-Butanone N-triisopropylsilylhydrazone.  A 10 mL round 
bottom flask equipped with a Teflon-coated stir bar and a 
jointed vacuum adapter was charged with powdered 4 Å molecular sieves 
(4 g) and then flame-dried under vacuum.  After backfilling with nitrogen, 
the vacuum adapter was swapped for a rubber septum and 2-butanone 
(0.27 mL, 3.0 mmol, 1.0 equiv) and THF (3 mL) were added successively 
with stirring.  After cooling the suspension to 0 °C, 
triisopropylsilylhydrazine (0.50 g, 3.0 mmol, measured by mass difference 
into a gas tight syringe) was slowly added dropwise using a syringe pump 
(2 h).  After 30 min of additional stirring, the mixture was filtered through a 
pad of celite in a sintered glass Schlenk filter into a dry 50 mL round 
bottom flask cooled to 0 ºC.  The original flask, molecular sieves and celite 
were washed with two additional 5 mL portions of cold Et2O.  The resulting 
homogeneous filtrate was concentrated on a rotovap equipped with an oil-
free diaphragm pump (3-10 torr) with a 0 ºC ice bath, affording 0.70 g (11 
mmol, >98%) of product as a colorless oil.  If not used directly in the 
subsequent oxidation, this material was stored under nitrogen at –20 °C. 
 
2-Diazobutane (18).  A flame-dried 50 mL round bottom flask 
with an oversized Telflon-coated stir bar was charged with 2-
butanone N-triisopropylsilylhydrazone (700 mg, 2.95 mmol) and 10 mL of 
THF.  After cooling the colorless solution to 0 ºC, 2.95 mL of TBAF (1.0 M 
! (U!
in THF, 2.95 mmol, 1.0 equiv) was added by syringe, at which point a 
yellow-orange discoloration immediately occurred.  The solution was 
stirred for 10 min and then concentrated with a nitrogen purge.  Without 
purification and in the same vessel, the crude hydrazone was freed of 
residual solvent under vacuum at "20 ºC, purged with nitrogen, and 
redissolved in 15 mL of DMF and 5 mL of 1,1,3,3- tetramethylguanidine 
(59 mmol, 20 equiv).  The solution was cooled to –45 °C (dry 
ice/acetonitrile bath) and Pb(OAc)4, finely powdered and weighed into a 
large vial in a glovebox (1.40 g, 3.24 mmol, 1.1 equiv) was added in three 
portions.  After 45 min of stirring at –45 °C, distillation glassware was 
affixed to the reaction flask and the system was placed under static high 
vacuum for 1.5 h with the reaction flask at 0 °C and a collection flask at 
"78 °C.  Once all coloration had left the reaction flask, the distillation 
apparatus was swapped for a rubber septum in order to introduce 1 mL of 
toluene.  The concentrated deep orange toluene layer was washed once 
with 5 mL of precooled 30% aqueous potassium hydroxide solution and 
twice with 5 mL portions of saturated aqueous ammonium chloride.  In 
each case, prolonged (>30 sec) vigorous stirring was allowed, the 
aqueous layer was removed by syringe, and warming above the freezing 
point (–20 °C) was required for miscibility; these washes serve 
(respectively) to remove residual DMF and tetramethylguanidine from the 
distillate.  The diazoalkane solution was then transferred quantitatively 
(freezing the final aqueous wash is most convenient) to a 2 mL volumetric 
! ("!
flask for storage and use.  The active titer was determined by esterification 
with benzoic acid.  Thus, 100 #L of the stock solution was diluted with 1 
mL of THF in a 5 mL round bottom flask, cooled to –45 °C, and treated 
with benzoic acid dropwise by syringe (295 #L of 1.0 M in THF, 0.295 
mmol, 1.0 equiv based on theoretical).  Upon slow warming from –45 °C, 
the reaction mixture became colorless and nitrogen evolution was 
observed.  This mixture was diluted with Et2O (10 mL) and saturated 
sodium bicarbonate (10 mL) and transferred to a separatory funnel.  After 
removing the organic layer, the aqueous layer was washed with two 
additional 5 mL volumes of Et2O.  The pooled extract was dried over 
magnesium sulfate and concentrated to a light yellow oil.  Purification by 
silica gel chromatography (TLC Rf = 0.30 in 95:5 hexanes:ethyl acetate) 
afforded 13.0 mg of sec-butyl benzoate (25% yield, indicative of a 0.73 M 
stock solution of diazoalkane 18). 
 
1-Cyclohexyl-2-methylbutan-1-one (19).  Prepared 
according to the general procedure on a scale of 0.122 
mmol of cyclohexane carboxaldehyde (14.7 µL), 0.13 mmol of 2-
diazobutane (200 µL of a 0.67 M solution in toluene, 1.1 equiv), and 0.012 
mmol of Sc(OTf)3 (6.0 mg, 0.10 equiv) in 78% yield (0.0952 mmol, 16.1 
mg) after chromatographic purification (TLC Rf = 0.30 in 95:5 
hexanes:ethyl acetate).  19 has been synthesized previously, yet 
! (#!
characterization data was not reported.64  IR (thin film): 2928 (w), 2854 
(w), 1707 (s), 1450 (m), 1366 (w).  1H NMR (400 MHz, CDCl3): ' 0.91 (t, J 
= 6.4 Hz, 3H), 1.13 (d, J = 8.5 Hz, 3H), 1.45-1.80 (m, 11H), 2.36 (m, 1H), 
2.52 (m, 1H).  13C NMR (100 MHz, CDCl3): ' 11.1, 15.4, 25.3, 25.4, 25.9, 
29.9, 40.5, 47.3, 211.8.  HRMS (ESI+) Calcd for C11H21O
+ [M+1]+: 
169.1548; Found: 169.1573. 
 
5-phenyl-1H-pyrazole.65 In a 2 dram vial equipped with a 
Teflon-coated stir bar, 3-phenylpropiolaldehyde (0.10 mL, 
0.819 mmol) was suspended in 0.438 mL (11.0 equiv) of 
hydrazine hydrate.  After sealing the vial with a Teflon-lined screw cap, the 
homogeneous mixture was stirred rapidly with heating at 100 ºC.  After 10 
h, the mixture was cooled to 23 °C and extracted with three 8 mL portions 
of CHCl3.  The combined extracts were dried with Na2SO4, filtered, and 
concentrated under reduced pressure to afford 85.4 mg (0.594 mmol, 
72%) of an clear oil after chromatographic purification (TLC Rf = 0.30 in 
80:20 hexanes:ethyl acetate). IR (thin film): 2924, 2358, 2203, 1489, 756 
cm-1. 1H NMR (400 MHz, CDCl3): ' 2.76 (m, 4H), 3.58 (s, 2H), 7.18-7.32 
(m, 10H). HRMS (ESI+) Calcd for C9H8N [M]+1: 145.0721 ; Found: 
145.1096. 
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Geranial N-triisopropylhydrazone.  Prepared 
according to the general procedure for diazoalkane 
synthesis and handling on a scale of 8.15 mmol of 
geranial (1.24 g), 8.15 mmol of 
triisopropylsilylhydrazine (1.53 g, 1.0 equiv), and 0.50 g of 4 Å molecular 
sieves in 10 ml of THF.  Isolated a clear oil in 96% yield (2.52 g, 7.82 
mmol) that was used directly in the subsequent oxidation without further 
purification. 
 
(E)-1-Diazo-3,7-dimethylocta-2,6-diene (20).  Prepared 
according to the general procedure for diazoalkane synthesis 
and handling on a scale of 4.59 mmol geranial N-
triisopropylhydrazone (1.48 g), 4.59 mmol TBAF (4.59 mL of a 1.0 M 
solution in THF), and 20 mL of THF.  Then 46 mL of DMF, 13.2 mL of 
1,1,3,3-tetramethylguanidine  (106 mmol, 23.0 equiv), and 5.05 mmol of 
Pb(OAc)4 (2.24 g, 1.1 equiv) were used in the oxidation.  The diazoalkane 
was processed after extractive workup as a toluene solution for 
subsequent titration with benzoic acid and usage in homologation 
reactions. 
 
(E)-2,2,6,10-Tetramethylundeca-5,9-dien-3-one (21).  
Prepared according to the general procedure with 
adjustment of the reaction temperature to –20 °C on a 
N2
N
H
N
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scale of 0.100 mmol of pivaldehyde (11.4 µL), 0.110 mmol of (E)-1-diazo-
3,7-dimethylocta-2,6-diene (133 µL of a 1.19 M solution in toluene, 1.1 
equiv), and 0.010 mmol of Sc(OTf)3 (4.9 mg, 0.10 equiv) in 88% yield 
(0.0881 mmol, 19.6 mg) after chromatographic purification (TLC Rf = 0.30 
in 95:5 hexanes:ethyl acetate).  IR (thin film): 2967 (m), 2870 (m), 1708 
(s), 1477 (w), 1450 (w), 1377 (w), 1365 (w), 1309 (w), 1094 (w), 1061 (w), 
985 (w), 826 (w).  1H NMR (400 MHz, CDCl3): d 1.15 (s, 3H), 1.59 (s, 3H), 
1.61 (d, J = 0.8 Hz, 3H), 1.67 (d, J = 0.8 Hz, 3H), 2.08-2.03 (m, 4H), 3.22 
(dd, J = 6.8, 0.8 Hz, 2H), 5.10-5.06 (m, 1H), 5.34-5.30 (m, 1H).  13C NMR 
(100 MHz, CDCl3): d 16.7, 17.9, 25.9, 26.7, 26.8, 36.3, 39.8, 44.4, 116.9, 
124.2, 131.6, 138.2, 214.3.  HRMS (ESI+) C15H28O
+ [M+1]+:  Calcd for 
223.2062; Found: 223.2054. 
 
3-Phenylpropiolaldehyde triisopropylsilylhydra-
zone.  A 10 mL round bottom flask equipped with a 
Teflon-coated stir bar and a jointed vacuum adapter 
was charged with powdered 4 Å molecular sieves (0.60 g) and then flame-
dried under vacuum.  After backfilling with nitrogen, the vacuum adapter 
was swapped for a rubber septum, and 3-phenylpropiolaldehyde (0.122 
mL, 1.00 mmol) and THF (2 mL) were added successively with stirring.  
The suspension was then cooled to 0 °C, and triisopropylsilylhydrazine 
(188 mg, 1.00 mmol, measured by mass difference into a gas tight 
syringe) was slowly added dropwise using a syringe pump (2 h).  After 30 
! (&!
min of additional stirring, the mixture was filtered through a pad of celite in 
a sintered glass Schlenk filter into a dry 50 mL round bottom flask cooled 
to 0 ºC.  The original flask, molecular sieves, and celite were washed with 
two additional 5 mL portions of cold Et2O.  The resulting homogeneous 
filtrate was concentrated on a rotovap equipped with an oil-free diaphragm 
pump (3-10 torr), affording 0.29 g (0.97 mmol, 97%) of product as an oil.  
This material was used directly in the oxidation reaction without 
purification. 
 
(3-Diazoprop-1-yn-1-yl)benzene (22).  Prepared 
according to the general procedure for diazoalkane 
synthesis and handling on a scale of 0.890 mmol 3-phenyl-
propioaldehyde triisopropylsilylhydrazone (0.267 g), 0.89 mmol of TBAF 
(0.89 mL of a 1.0 M solution in THF, 1.0 equiv), and 5.0 mL of THF.  After 
concentration of the organic solvent to leave a yellow oil, 9.0 mL of DMF, 
2.3 mL of 1,1,3,3-tetramethylguanidine (17.8 mmol, 20 equiv), and 1.8 
mmol of Pb(OAc)4 (0.85 g, 2.0 equiv) were added in succession at –45 °C.  
The diazoalkane was processed after extractive workup as a toluene 
solution for subsequent titration with benzoic acid and usage in 
homologation reactions. 
N2
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1,6-Diphenylhex-5-yn-3-one (23).  Prepared 
according to the general procedure on a scale of 
0.15 mmol of dihydrocinnamaldehyde (20 µL), 0.167 mmol of (3-
diazoprop-1-ynyl)benzene (100 µL of a 1.56 M solution in toluene, 1.1 
equiv), and 0.015 mmol of Sc(OTf)3 (7.5 mg, 0.10 equiv) in 77% yield 
(0.118 mmol, 29.4 mg) after chromatographic purification (TLC Rf = 0.30 
in 95:5 hexanes:ethyl acetate). IR (thin film): 2923 (w), 1684 (s), 1495 (m), 
1453 (m), 734 (w).  1H NMR (400 MHz, CDCl3): ' 2.98-3.00 (m, 2H), 3.04-
3.06 (m, 2H), 3.49 (s, 2H), 7.21-7.24 (m, 3H), 7.29 (s, 1H), 7.31 (s, 1H), 
7.32-7.34 (m, 3H), 7.43-7.45 (m, 2H).  13C NMR (100 MHz, CDCl3): ' 29.9, 
35.2, 43.2, 82.0, 85.0, 123.1, 126.5, 128.52, 128.54, 128.6, 128.8, 128.9, 
140.9, 203.9.  HRMS (ESI+) Calcd for C18H17O
+ [M+1]+: 249.1235; Found: 
249.1770. 
 
1-phenylpentan-2-one (24).  Prepared according to 
general procedure on a scale of 0.1016 mmol of 1-
butanone (9.2 µL, 1.0 equiv), 0.112 mmol of phenyldiazomethane (67 µL 
of 1.66 M toluene solution, 1.1 equiv) and 0.01 mmol Sc(OTf)3 (5 mg, 0.1 
equiv) in 87% yield (0.0884 mmol, 14.4 mg) after chromatographic 
purification (TLC Rf = 0.3 in 95:5 hexanes:ethyl acetate),  IR (thin film): 
2962,1713, 1495, 1454, 741 cm-1. NMR Characterization has been 
! ((!
previously reported at lower field.66 1H NMR (400 MHz, CDCl3): ' 0.79 (t, J 
=7.2Hz, 3H), 1.50 (td, J =7.2Hz, 2H), 2.34 (t, J =7.2 Hz, 2H), 3.59 (s, 2H), 
7.27-7.11 (m, 5H); 13C NMR (100 MHz, CDCl3): ' 13.5, 17.1, 43.8, 50.1, 
126.8, 128.6, 129.3, 134.3, 208.3. HRMS (ESI+) Calcd for  C11H15O+1 
[M+1]+: 163.1078; Found: 163.1199. 
 
(E)-1,4-Diphenylbut-1-en-3-one. Prepared 
according to the general procedure on a scale of 
0.122 mmol of cinnamaldehyde (15.3 µL, 1.0 
equiv), 0.134 mmol of phenyldiazomethane  (100 µL of a 1.45 M solution 
in toluene, 1.1 equiv), and 0.012 mmol of Sc(OTf)3 (6.1 mg, 0.10 equiv) in 
55% yield (0.067 mmol, 8.9 mg) after chromatographic purification (TLC 
Rf = 0.30 in 95:5 hexanes:ethyl acetate).  IR (thin film): 3027 (w), 1661 (s), 
1451 (w), 1172 (w), 980 (w), 734 (m), 688 (m).  1H NMR (400 MHz, 
CDCl3): ' 3.95 (s, 2H), 6.79 (d, J = 8.7 Hz, 1H), 7.26-7.31 (m, 5H), 7.32-
7.41 (m, 3H), 7.52 (m, 2H), 7.63 (d, J = 8.7 Hz, 1H). 13C NMR (125 MHz, 
CDCl3) $ 197.28, 143.40, 143.39, 134.47, 134.46, 134.41, 134.41, 
130.59, 129.52, 129.52, 128.94, 128.94, 128.80, 128.79, 128.40, 128.40, 
127.02, 127.02, 125.22, 125.21, 48.39.   HRMS (ESI+) Calcd for C16H15O
+ 
[M+1]+:  223.1073; Found:  223.1068. 
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 (E)-2-Methyl-2,4-diphenylbut-3-enal (24).  Prepared 
according to the general procedure on a scale of 0.122 mmol 
of cinnamaldehyde (15.3 µL), 0.134 mmol of methyl phenyl 
diazomethane 12 (400 µL of a 0.32 M solution in toluene, 1.1 
equiv), and 0.012 mmol of Sc(OTf)3 (6.1 mg, 0.10 equiv) in 25% yield 
(0.031 mmol, 6.1 mg) after chromatographic purification (TLC Rf = 0.35 in 
95:5 hexanes:ethyl acetate). Characterization data for 2a has been 
recorded previously.67  
 
1-Prenyl-2,3,6-trimethoxybenzene.  In a 200 mL 
round bottom flask equipped with a stir bar, 3.89 g 
(23.1 mmol) of 1,3,5-trimethoxybenzene was 
dissolved in 46 mL of cyclohexane.  The resulting colorless solution was 
cooled to 0 °C and 20.0 mL of n-BuLi (1.62 M in hexanes, 32.4 mmol, 1.4 
equiv) was added dropwise, turning the solution pale yellow in color.  The 
reaction mixture was then heated to 65 °C for 30 min, at which point a 
fine, rust-colored precipitate had formed.  After cooling the mixture to 23 
°C, 4.0 mL (34.6 mmol, 1.5 equiv) of prenyl bromide was added dropwise 
from a syringe, and the mixture was again heated near the solvent boiling 
point for 2 h.  Upon cooling to 23 °C, the reaction mixture was yellow in 
color but remained cloudy.  The mixture was diluted with 100 mL of 
saturated sodium bicarbonate and transferred to a 250 mL separatory 
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funnel with 50 mL of Et2O.  After agitation and removal of the organic 
layer, the aqueous layer was washed with two additional 50 mL volumes 
of Et2O.  The combined organic layers were dried over MgSO4, filtered, 
and concentrated to an orange oil.  Due to a minor impurity that co-elutes 
with the product, purification was best accomplished in two stages by 
separate chromatographies, first in 1.2:1 CH2Cl2:hexanes (TLC Rf = 0.40) 
and second in 15:1 hexanes:ethyl acetate (TLC Rf = 0.30).  Concentration 
of pure fractions afforded 4.38 g (18.5 mmol, 80%) of a colorless oil that 
solidified when stored neat at –20 °C.  IR (thin film): 2915 (w), 1592 (m), 
1453 (m), 1202 (m), 1146 (m), 1114 (s), 809 (w).  1H NMR (400 MHz, 
CDCl3): ' 1.68 (s, 3H), 1.80 (s, 3H), 3.31 (d, J = 8.8 Hz, 2H), 3.82 (s, 9H), 
5.23 (t, J = 6.8 Hz, 1H), 6.18 (s, 2H).  13C NMR (100 MHz, CDCl3): ' 17.9, 
21.8, 25.9, 55.4, 55.9, 90.6, 110.8, 123.8, 130.5, 158.7, 159.4.  HRMS 
(ESI+) Calcd for C27H35O4
+ [M+1]+: 423.2491; Found: 423.2491. 
 
3-Prenyl-2,4,6-trimethoxybenzaldehyde (25).  A 
50 mL round bottom flask was charged with 322 #L 
(3.80 mmol, 1.2 equiv) of oxalyl chloride and 15 mL of CH2Cl2; the 
resulting homogeneous solution was cooled to 0 °C.  At a rate conducive 
to the control of gas evolution, 295 #L (3.80 mmol, 1.2 equiv) of 
dimethylformamide was added by syringe.  The reaction mixture was 
stirred for 30 min and warmed to 23 °C.  A solution of 1-prenyl-2,3,6-
trimethoxybenzene (750 mg, 3.17 mmol in 6 mL of cyclohexane) was then 
OCH3
H3CO OCH3
O
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added through a cannula.  The mixture was stirred for 4 h at 23 °C and 
then diluted with 50 mL of saturated sodium bicarbonate and 50 mL of 
ethyl acetate.  After removal of the organic layer in a separatory funnel, 
the aqueous layer was washed with two additional 50 mL portions of ethyl 
acetate.  Combined organic layers were dried over magnesium sulfate, 
filtered, and concentrated to a yellow oil.  Purification by silica gel 
chromatography (TLC Rf = 0.30 in 1:1 hexanes:ethyl acetate) afforded 788 
mg (2.98 mmol, 94%) of 25 as a pale yellow oil.  IR (thin film): 2932 (w), 
1673 (s), 1588 (m), 1224 (m), 1098 (s), 809 (w).  1H NMR (400 MHz, 
CDCl3): ' 1.64 (s, 3H), 1.75 (s, 3H), 3.24 (d, J = 8.9 Hz, 2H), 3.79 (s, 3H), 
3.88 (s, 6H), 5.11 (t, J = 6.8 Hz, 1H), 6.24 (s, 2H), 10.29 (s, 1H).  13C NMR 
(100 MHz, CDCl3): ' 17.9, 22.2, 26.0, 55.9, 56.1, 63.2, 91.1, 110.4, 116.6, 
123.0, 131.8, 161.9, 162.4, 164.1, 188.1.  HRMS (ESI+) Calcd for 
C28H35O5
+ [M+1]+: 451.2440; Found: 451.2450. 
 
2-Methyl-1-(2,4,6-trimethoxy-3-(3-
methylbut-2-enyl)phenyl)butan-1-one (26).  
Prepared according to the general procedure 
on a scale of 4.28 mmol of trimethoxybenzaldehyde (1.13 g), 4.7 mmol of 
2-diazobutane (7.0 mL of a 0.67 M solution in toluene, 1.1 equiv), and 
0.428 mmol of Sc(OTf)3 (211 mg, 0.10 equiv) in 91% yield (3.89 mmol, 
1.25 g) after chromatographic purification (TLC Rf = 0.30 in 90:10 
hexanes:ethyl acetate).  IR (thin film): 2938 (w), 2865 (w), 1694 (s), 1598 
OCH3
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(m), 1460 (m), 1106 (w).  1H NMR (400 MHz, CDCl3): ' 0.92 (t, J = 7.7 Hz, 
3H), 1.11 (d, J = 8.8 Hz, 3H), 1.19 (m, 1H), 1.68 (s, 3H), 1.76 (s, 3H), 2.91 
(m, 1H), 3.27 (d, J = 8.7 Hz, 2H), 3.69 (s, 3H), 3.81 (s, 3H), 3.87 (s, 3H), 
5.16 (t, J = 6.7 Hz, 1H), 6.26 (s, 1H).  13C NMR (100 MHz, CDCl3): ' 12.0, 
12.4, 15.2, 22.9, 25.4, 25.9, 49.1, 56.0, 56.1, 63.3, 92.0, 116.2, 123.5, 
123.6, 131.7, 155.9, 156.4, 159.9, 208.6.  HRMS (ESI+) Calcd for 
C19H29O4
+ [M+1]+: 321.2066; Found: 321.2075. 
 
2-Methyl-1-(2,4,6-trihydroxy-3-(3-
methylbut-2-enyl)phenyl)butan-1-one (27).  
To a CH2Cl2 solution (0.46 mL) of 0.047 
mmol of 26 (15 mg) in a 1 dram vial was added 0.28 mmol of BBr3 (27 µL, 
6.0 equiv) at 23 °C.  After sealing the vial with a Teflon-lined screw cap, 
the solution was heated at 35 °C for 12 h.  The reaction mixture was then 
cooled to 23 °C and washed with an equivalent volume of saturated 
sodium chloride.  The organic layer was dried over magnesium sulfate, 
filtered, and concentrated.  Purification by silica gel chromatography (TLC 
Rf = 0.30 in 90:10 hexanes:ethyl acetate) delivered a clear oil in 15% yield 
(0.007 mmol, 2 mg).  An alternative and much higher yielding deprotection 
strategy involves first reduction to the benzylic alcohol, then global 
demethylation with TMSI, and finally reoxidation with the Dess-Martin 
periodinane (65% overall, three steps).  These details are not disclosed 
here because we are in the process of rerouting to phloroglucinol as a 
OH
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starting material and incorporating a more readily removable blocking 
group (benzyl) into the path of synthesis.  IR (thin film): 3422 (br), 2972 
(w), 2930 (w), 1626 (s) 1590 (m), 1422 (w), 1229 (m), 1158 (m), 1117 (m), 
882 (w), 817 (w).  1H NMR (400 MHz, CDCl3): ' 0.92 (t, J = 7.7 Hz, 3H), 
1.18 (d, J = 8.8 Hz, 3H), 1.33 (s, 6H), 1.38 (m, 2H), 1.79 (t, J = 6.7 Hz, 
1H), 2.59 (t, J = 6.7 Hz, 1H), 3.73 (m, 1H), 5.71 (s, 1H), 5.98 (br s, 3H).  
HRMS (ESI+) Calcd for C16H23O4
+ [M+1]+: 279.1795; Found: 279.1880. 
 
"Pre-achyrofuran" (28).  To a slurry of 
0.0576 mmol FeCl3 on SiO2 (0.144 g, 4.0 
equiv) in CH2Cl2 (0.72 mL, 0.08 M) at 23 °C 
was added a 0.2 M solution of 27 (4.0 mg, 
0.014 mmol) in CH2Cl2:CH3CN (3:1).  The 
faint yellow solution instantly turned dark brown, and after 5 min of rapid 
stirring the solution was filtered through a celite plug and concentrated to a 
brown oil.  Purification by silica gel chromatography (TLC Rf of 28 = 0.30 
in 95:5 hexanes:ethyl acetate) afforded 3.8 mg of the desired product 
(0.0071 mmol, 51%), 1.6 mg of the uncyclized homodimer (0.0029 mmol, 
21%), and 0.9 mg of recovered starting material (0.0031 mmol, 21%).  
Characterization follows for the desired product dibenzofuran.  IR (thin 
film): 3492 (b), 2927 (w), 1618 (s), 1420 (w), 1230 (w), 1159 (m), 1117 
(w).  1H NMR (400 MHz, CDCl3): ' 0.94 (t, J = 7.5 Hz, 3H), 0.96 (t, J = 7.5 
Hz, 3H), 1.23 (d, J = 7.0 Hz, 3H), 1.24 (d, J = 7.0 Hz, 3H), 1.31 (s, 3H), 
! d$!
1.32 (s, 3H), 1.39 (m, 1H), 1.46 (m, 1H), 1.69 (s, 3H), 1.85 (s, 3H), 1.86-
1.92 (m, 2H), 3.47 (m, 1H), 3.73 (m, 1H), 5.69 (br s, 2H), 5.99 (br s, 2H).  
HRMS (ESI+) Calcd for C32H41O7
+ [M+1]+: 537.1295; Found: 537.1259. 
 
Cyclohex-2-enyl(phenyl)methanone.  Prepared 
according to the general procedure on a scale of 0.162 
mmol of benzaldehyde (16.4 µL), 0.179 mmol of 3-diazocyclohex-1-ene 
(488 µL of a 0.37 M solution in toluene, 1.1 equiv), and 0.016 mmol of 
Sc(OTf)3 (8.0 mg, 0.10 equiv) in 87% yield (0.141 mmol, 26.4 mg) after 
chromatographic purification (TLC Rf = 0.30 in 95:5 hexanes:ethyl 
acetate).  IR (thin film): 2935 (w), 1680 (s), 1447 (m), 1209 (m), 960 (m), 
695 (w). 1H NMR (400 MHz, CDCl3): ' 1.71 (m, 2H), 1.95 (m, 2H), 1.99 
(m, 2H), 4.09 (m, 1H), 5.74 (m, 2H), 5.93 (m, 2H), 7.47 (t, J = 6.8 Hz, 2H), 
7.54 (t, J = 6.8 Hz, 1H), 7.96 (d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, 
CDCl3): ' 21.6, 25.2, 26.0, 42.0, 125.1, 128.2, 128.3, 130.4, 133.3, 136.4, 
202.2.  HRMS (ESI+) Calcd for C13H15O
+ [M+1]+: 187.1078; Found: 
187.1109. 
 
 
Deuterium Labeling Studies: 
 In order to distinguish between possible mechanistic pathways (see 
text of manuscript), the following experiment was undertaken:  In a 
glovebox, a flame-dried 1 dram vial equipped with a Teflon-coated flea stir 
O
! d%!
bar was charged with Sc(OTf)3 (9.8 mg, 0.020 mmol, 0.10 equiv) and 
sealed with a rubber septum.  In a fume hood, toluene (2.0 mL, 0.1 M) 
was added by syringe, suspending but not dissolving the catalyst.  After 
cooling the mixture to –78  °C, 10.1 #L benzaldehyde (0.100 mmol, 0.50 
equiv), 10.2 #L d6-benzaldehyde (0.100 mmol, 0.50 equiv), and 470 #L 3-
diazocyclohex-1-ene (0.470 M solution in toluene, 0.220 mmol, 1.1 equiv, 
solution kept cold at –78 °C) were added in succession to the stirring 
reaction mixture by syringe.  The reaction was stirred for 10 min at –78 °C, 
at which point the characteristic purple color of the nucleophile had 
dissipated, leaving a turbid light yellow suspension.  The reaction mixture 
was concentrated with a nitrogen purge and purified by flash 
chromatography (TLC Rf = 0.30 in 19:1 hexanes:ethyl acetate) affording 
23.1 mg of a mixture of products A and B. 
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The high resolution mass spectrum of the mixture (see Figure) clearly 
shows a predominance of peaks corresponding to [M+H]+ for structures A 
and B.  Although the peaks at 188.1557 and 192.1839 could in principle 
correspond to deuterium crossover structures C and D, analogous control 
experiments carried out with just benzaldehyde or d6-benzaldehyde 
! d&!
generate high-resolution mass spectra identical to the individual mass 
distributions seen in the Figure.  The presence of these ions is thus an 
artifact of the natural abundance of deuterium and the starting level of 
enrichment in the commercial d6-benzaldehyde. 
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tiChapter 2. A Bidirectional Synthesis of Ketones from 
Monomeric Formaldehyde by Catalytic C-H Insertion with 
Diazoalkanes.   
 
2.1  Introduction and Background 
It was near the completion of the project that studied the catalytic 
transformation of aldehydes to their homologous ketones with 
diazoalkanes that I noticed a report from Yamauchi et al. describing a 
successful total synthesis of a bis(pyrrolidine) natural product from the 
family of the Erythroxylum alkaloids.68  As shown in Figure 1, this 
molecule, dihydrocuscohygrine (1), is the reduced form of another natural 
product from the same source – the symmetrical ketone known as 
cuscohygrine (2).69  The structure and relative configuration of 
dihydrocuscohygrine was established by 1H and 13C NMR spectroscopies 
and mass spectrometry in comparison to synthetic material obtained by 
reduction of cuscohygrine.%&a 
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Viewing the latter product through a retrosynthetic lens, a 
remarkably direct approach was identified based on a disconnection 
guided by my recent research experience.   
2.1.a  Retrosynthetic Analysis Points to a New Methodological 
Development. 
As shown in Scheme 1, a bidirectional homologation transform 
applied to the target molecule identifies diazomethyl pyrrolidine (3) and 
monomeric formaldehyde as potential precursors.  The diazoalkane, in 
turn, could be derived from the naturally occurring amino acid (S)-proline 
(see 4).  We were drawn to this idea because the elaboration of 3 from the 
corresponding N-methyl-pyrrolo aldehyde would challenge and test the 
mild and functional group tolerant hydrazone oxidation methods we were 
at this time quite familiar with. 
! "#$!
 
 After this realization, a comprehensive consultation of the literature 
was performed to gain further background knowledge on these molecules.  
Cuscohygrine does possess biological activity, but its reduced analog 
(dihydrocuscohygrine) has not been reported to elicit any biological 
response of note.66  It is a reasonable speculation to attribute this lack of 
study to a better-known bioactive metabolite of current and historical 
interest from the same coca plant (Erythroxylon coca) – cocaine (5).  As 
seen in Figure 1, cocaine is a member of the tropane alkaloids, a class 
characterized by an easily distinguishable bicyclic N-alkyl-8-
azabicyclo[3.2.1]octane core structure as in tropinone (6). 
2.1.b   Divergence in the Biosynthesis of Pyrrolidine Alkaloids 
  Although these two pairs of heterocyclic natural products may 
seem only moderately related, the number of reports by natural product 
chemists and botanists relating them are abundant.  Multiple publications 
describe various methods to confirm in this plant species that both the 
cyclic and bridged bicyclic natural products originate from the same 
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carbon source.70  Shown in Scheme 2 is the widely accepted biosynthetic 
pathway for this class of alkaloids.  Ornithine (7) is established as the 
starting point based on multiple feeding studies70 that were conducted with 
isotopically labeled (2H, 3H, 13C and/or 14C) materials. 
!
Following the plant’s bioconversion of ornithine (7) to 
4-(methylamino)butanal (not shown) and a condensation to form the 
1-methyl-3,4-dihydro-2H-pyrrol-1-ium ion, a Mannich reaction with the 
indicated tautomeric form of 3-oxobutanoic acid delivers the common 
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biosynthetic intermediate shown as structure 8.  The pyrrolidine ring in 8 
(iminium ion formation by formal loss of hydride) and an intramolecular 
Mannich cyclization then forms the bicyclic core of the tropane alkaloids 
such as cocaine (5). Alternatively, the common intermediate 8 can 
undergo decarboxylation to deliver the natural product hygrine, which can 
then undergo intermolecular C–C bond formation with another equivalent 
of 1-methyl-3,4-dihydro-2H-pyrrol-1-ium ion, giving cuscohygrine (2). The 
cause of this biodivergence has not been elucidated. However, the 
previously mentioned feeding studies have included experiments with 
isotopically labeled hygrine.  Data show that hygrine distributes its isotopic 
enrichment to cuscohygrine, presumably via the same Mannich type 
addition of the kinetic enolate of hygrine with the imminium ion. 
2.1.c  Reliable Access to a Neutral Source of Monomeric 
Formaldehyde. 
The creative use of standard reagents to enhance synthetic 
efficiency, whether it is reducing waste and costs, increasing yield, or 
facilitating unusual bond connectivities, remains at the forefront of our 
science. With our group gaining expertise in the synthesis and application 
of non-stabilized diazo compounds as carbon nucleophiles in two new 
catalytic methods, we envisioned that the choice of the known one-carbon 
reagent formaldehyde as the electrophilic reaction partner would be a 
novel extension.   
! "#$!
 
Our work includes examples with the Sc3+–catalyzed synthesis of 
!-chiral cyclic23 and acyclic ketones1 from cycloalkanone and aldehyde 
electrophiles, respectively (Scheme 3). More recently, our group optimized 
enantioselective routes to !-aryl medium ring ketones by ring expansion 
with aryldiazomethanes using simple bis(oxazoline) chiral ligands.71 
Knowing that scandium(III) provides reliable Lewis activation of myriad 
carbonyl groups (hindered, electron-rich, electron-poor, etc.), the use of 
the most simple carbonyl – formaldehyde – seemed to hold promise as a 
platform for rapid construction of symmetrical molecular complexity (D to 
G, Scheme 3). The fact that diazo compounds D are readily prepared from 
the corresponding carbonyl compounds with our blended hydrazone 
dehydrogenation method (vida supra) suggests that the potential iterative 
use of diazoalkane-carbonyl homologation can lead to even greater 
product diversity by a combination of our group’s methods.1,23,70  
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2.1.d   The Efficiency of Simultaneous Bidirectional Chain Elongation. 
When initially encountering a molecular target, the chemist 
performs the mental exercise of retrosynthetic analysis. This logic-based 
approach requires translation of a target molecule into ever more simple 
precursor structures. This practice is a repetitive one, until simple or 
readily available starting materials are reached.  The method and 
terminology were formalized by Nobel laureate E. J. Corey and described 
in the book “The Logic of Chemical Synthesis”.72 The deductive reasoning 
of retrosynthesis allows one to evaluate the stability and utility of various 
intermediates, and it can greatly sharpen the focus of our efforts in the 
laboratory. The most obvious but the least practical (both in terms of atom- 
and step-economy) method for synthetic planning involves a stepwise 
strategy wherein each substrate is modified at one position or functional 
group to give a new product.  To improve on this linear procedure, a tactic 
for merging together two independent, complex intermediates exists and 
can reduce the total number of steps required (convergent strategy). For 
example, protection steps that may be necessary in a linear sequence 
may not be required if the two parts are divided (A chain and B chain in 
eq. 2, Figure 2).  Another alternative builds off of a core structure and 
elongates and functionalizes in the appropriate directions. Most 
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applications of the two-directional strategy73 require that the ends of the 
nascent chain be differentiated (eq 3, Figure 2).  However, if the 
retrosynthetic plan has anticipated such a core structure that allows the 
same transformation to occur in a simultaneous fashion, then the effect is 
a bidirectional chain elongation strategy of the highest efficiency (eq 4. 
Figure 2). 
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Among these efficient syntheses is the especially striking example 
shown in Scheme 4. This synthesis of the geodesic molecule 
dodecahedrane utilized bidirectional transformations in nearly every stage 
of its synthetic plan involving double cyclopentane.74  Following 
organometallic addition to the ketone, elimination of the tertiary alcohol 
enabled the Nazarov-type dehydrative cyclization to occur with high 
conversion, effectively doubling the efficiency of the synthetic process. 
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2.2  Initial Studies on Scandium(III)-Catalyzed 
Bidirectional Homologation with Diazoalkanes: Accessing 
Monomeric Formaldehyde. 
Before attempting to prepare the heterocyclic diazonucleophile 
needed for the synthesis of cuscohygrine, we decided that thorough 
investigation of the reaction scope with a range of diazoalkanes should be 
undertaken.  The decision of which specific symmetrical ketones to target 
would prove to be a guiding factor in our study and, of course, a suitable 
and compatible method for the generation of monomeric formaldehyde 
would be paramount in this new method’s success. 
Typically, to achieve a one-carbon extension of an organic 
substrate with formaldehyde, the use of organometallic reagents is 
employed to react with the electrophile in one of its anhydrous, polymeric 
forms.75 These nucleophiles are often organolithium reagents that are 
considered hard anions according to Pearson’s hard and soft acid and 
base theory.76  This is obviously not the case for the carbon centered 
anion in a diazoalkane’s resonance-stabilized, zwitterionic structure. It has 
also been noted that titrateable ethereal solutions of monomeric 
formaldehyde can be obtained by distilling an ether solution containing the 
depolymerized monomer that results from a Brønsted acid-catalyzed 
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decomposition of the polymeric structure.77  The acid source can either be 
inorganic mineral acids or a solid-supported, acidic reagent.  Once the 
distillation is complete, an aliquot is analyzed by NMR spectroscopy and 
the formaldehyde’s C–H resonance (9.53 ppm) is integrated relative to an 
internal standard or solutions of monomer can also be quantitated by 
iodometric titration.78  
Also pervasive among the methods of isolating monomeric 
formaldehyde is the use of metallated species to intercept the highly 
reactive electrophile.79  Motivation for imparting a known stoichiometry to 
the formaldehyde reagent was of great interest to us initially because of 
the potential for synthesizing both symmetric and dissymmetric ketones 
(Scheme 5).  For example, after complete conversion of a given 
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diazoalkane to the corresponding linear aldehyde, the reaction solution 
could be charged with a different diazo compound to generate a 
dissymmetric ketone product. 
 
Although the method has its proven benefits with organometallic 
reagents, our initial attempts to use prepared solutions of monomeric 
formaldehyde with phenyldiazomethane failed due to the problem of 
repolymerization.  Therefore, we decided to depolymerize the 
paraformaldehyde directly and generate the highly reactive methanal 
electrophile in situ in the presence of the diazoalkane.  Several methods 
have been reported with either Lewis or Brønsted acids as catalysts and 
paraformaldehyde or trioxane as the polymer.80 Along with solid polymer 
sources, aqueous solutions of formaldehyde (formalin) are readily 
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available due to their widespread use in industry81 and have applications 
in organic synthesis where an aqueous medium is desireable.82 
Unfortunately, the compatibility of the diazocompounds with the catalysts 
needed for depolymerization (or water itself) became an issue.  We were 
only able to isolate ketone products in very low yield by these methods.  
In spite of these results, we were undeterred from our goal of 
gaining access to symmetrical ketone products due to the method’s power 
and efficiency. An alternative approach to the depolymerization of 
paraformaldehyde, known as “cracking” the polymer, is its thermal 
decomposition to produce gaseous formaldehyde.83 The temperature for 
initiating this gaseous liberation is 100 °C, but the presence of water 
and/or impurities can alter the initiation point because of an increased 
likelihood for Brønsted acid-catalyzed repolymerization. Therefore, the 
desiccation of the polymer under high vacuum is a critical requirement 
before attempting this procedure.%#c   
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
&%"'!()*++,!-./!01+2)34567,!8./!-9:)6,!;.!<./!=132,!;.!>56:934)?@4).!AB!!""#$%%&'()%*+*",-./0$(
,1(2%/3'450$"(67.#0'45+/!813)@CDE=F!8)1B?)1:,!GHHG.!
&%G'! >56! 9B! 1B756:921I)! 6)I1)J! 57! K)J1+! 9L14! L?):1+26@! 1B! J92)6,! +))F! &9'! <M9J9,! E./!
N5O9@9+?1,!P.!Q5J964!Q6*3@!R771L1)B2!<6M9B1L!()9L215B+!1B!892)6!AB!85,*.''(67.#0'45+(0%(
47.( 87$5#$*.340*$"( 2%/3'45+9( 67$"".%:.'( 0%( $%( );.5( 67$%:0%:( 6"0#$4./! -949:9+)221,! N./!
S691+?,!Q.,!R4+./!E(E!T6)++F!U)J!V56W,!GHH%/!D53.!G,!XX!GYZCG[[.!>56!9!3)941BM!)\9:X3)!57!
9]*)5*+! +53*215B+! 57! 756:934)?@4)! J12?! K)J1+! 9L14+,! +))F! &O'! ^E9293@21L! ;+@::)261L!
=@465\@:)2?@39215B! 57! P131L5B! RB5392)+! _+1BM! 9B! ;]*)5*+! P53*215B! 57! >56:934)?@4)!
J12?!9!E?1693!PL9B41*:!E5:X3)\,`!A+?1W9J9,!P./!=9:949,!Q./!a9B9O),!N./!N5O9@9+?1,!P.!<=(
>#=(67.#=(?,*=!!""#,!@AB,!"GG#[b"GG#$.!!
&%#'!&9'!^Q?)!;4+56X215B!9B4!0)L5:X5+1215B!57!>56:934)?@4)!9B4!>56:1L!;L14!5B!2?)!E3)9B!
9B4!a54171)4!>)! &"HH'!P*679L),`!=*BM,!8.C=./!S)6B9+)W,! P.! K.!?351=( ?*0=!$%%&,!CDB,! "[cC
"%%.! ! &O'! ^;4+56X215B! 57! >56:934)?@4)! 5B! U1LW)3! <\14)! P2*41)4! O@! Q?)6:93!
T65M69::)4! 0)+56X215B! 9B4! =1M?C()+53*215B! R3)L265B! RB)6M@! K5++! PX)L265+L5X@,`!
Q6*5BM,!E.!a./!8*,!a.!E./!-554:9B,!0.!8.! <=(>#=(67.#=( ?,*=!$%%',!@@E,! #[Y$b#[c#.! &L'!
^T53@:)61d9215B!9B4!0)L96O5B@39215B!()9L215B+!57!;34)?@4)+!5B! 2?)!T4&"""'!P*679L),`!
09I1+,!e.!K./!S962)9*,!a.!;.!<=(>#=(67.#=(?,*=!$%(%,!@@@,!"$%Gb"$ZG.!
! "#$!
Upon finding this thermal activation method to introduce monomeric 
formaldehyde to an anhydrous organic solution, we achieved an exciting 
and promising opening result simply by heating paraformaldehyde with a 
heat gun and bubbling the gas through a toluene solution containing 
scandium(III) triflate with the simultaneous addition of a toluene solution of 
phenyldiazomethane (Table 1).  The desired 1,3-diphenyl-2-propanone 
was produced in a 96% yield based on 1H NMR integration.  We then 
proceeded to fully establish the generality of the direct approach to 
1,3-diaryl propanone derivatives. 
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2.3 Titration of Diazoalkane Solutions with 19F NMR 
Spectroscopy of ortho-Fluorobenzoate Formation 
In order to accurately determine the yield of ketone product in the 
bidirectional homologation reaction, we sought to improve the precision 
and rate at which we titrate the diazoalkane solutions.  At the outset of our 
program, esterification of the nucleophiles was carried out with excess 
benzoic acid.  These reactions proceed with full consumption of the 
diazoalkane, and the isolated yield of the benzoate ester was used to 
calculate the active titer for each nucleophile.  The shortcoming of this 
procedure is the need to purify the benzoate ester by silica gel column 
chromatography.  In certain cases, titration of the diazoalkane solution 
was a function of the user’s ability to minimize mechanical loss when 
performing the isolation of the ester product.  Therefore, we sought to use 
differentially substituted benzoic esters so that we could perform a simple 
NMR experiment on the crude reaction mixture and reduce such operator 
inconsistencies.  After trials with differently positioned methoxy and methyl 
substituents on the phenyl ring we still desired an improved choice in the 
substituted benzoic acid derivative.  We next turned to a fluoro-substituted 
benzoic acid so as to deconvolute the NMR spectra since potential signal 
overlap was becoming problematic with certain diazoalkane substrates.  
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Drawing inspiration from Mosher’s acid84 and its use as a chiral 
derivatizing agent, 2-fluorobenzoic acid was enlisted for esterification and 
analysis using 19F-NMR spectroscopy.  We decided on ortho substitution 
(verses meta or para) due to its proximity to the carboxylate ipso carbon. 
The greater inductive effect would better translate the fluorine atom’s 
change in chemical environment from benzoic acid to ester with a higher 
degree of difference in the chemical shift value (Scheme 6). 
 
After recording the 19F NMR spectrum utilizing a 10 sec relaxation 
delay time (to ensure equilibrating magnetic repopulation) the numerical 
ratio of acid to ester conversion, assuming only productive consumption of 
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diazoalkane, was derived from integration values and put into the following 
equation: 
 
where X is the integration value for benzoate ester, Y is the integration 
value for 2-fluorobenzoic acid, Z is the amount of 2-fluorobenzoic acid 
added in mmol, and A is the volume (in mL) of diazoalkane stock solution 
used in the titration experiment. 
 
2.4  Methods Development for the Bidirectional 
Homologaion of Formaldehyde with Diazoalkanes 
In order to follow up on our promising initial results, we wanted to 
address questions of reactivity with the goal of producing molecules of 
synthetic interest – be they within natural products, medicinals, or 
materials chemistry.  The well-known importance of para-functionalized 
1,3-diarylacetones in the synthesis of graphitic materials85 presented an 
excellent platform to expand the scope of this transformation. 
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2.4.a 1,3-Diarylacetones: important substrates for the synthetic 
materials chemist 
The Knoevenagel condensation of 1,3-diaryl-2-propanones with 
diarylethanediones (A) delivers products of great interest in the study of 
aromaticity, since the aryl substituents in tetraarylcyclopentadieneones (B) 
are found to rotate out of the plane of the central cyclopentadienone core 
(Scheme 7).   
 
After Diels-Alder cycloaddition with diarylethynes and carbon monoxide 
expulsion,86 the hexarylbenzene products (C) also are nonplanar due to 
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the same steric crowding (Scheme 7).87  Beyond a purely theoretical or 
academic interest, these materials are of great practical importance in 
nanoscience.85  Potential uses of these structures include the construction 
of graphene sheets to study the material properties of the planar allotrope 
of carbon by methods that predictably create a material of known 
dimension.  As depicted in Scheme 8, a preferred means for synthesizing 
such hexabenzocoronenes (HBCs) is also the iron-mediated 
dehydrogenation of the hexarylbenzene precursors, known as the Scholl 
reaction.88   
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 Preparation of these polycyclic aromatic hydrocarbons (PAHs) can 
only be reliably achieved through controlled chemical synthesis. The 
alternative methods of materials chemistry, such as combustion or 
chemical vapor deposition of a carbon rich fuel onto a metal surface, 
create an array of isomers and structures of varying molecular weight that 
can be difficult or impossible to separate.89  These advances in chemical 
synthesis are particularly exciting because of the difference in properties 
that microstructures have on the “nano” scale versus properties that the 
“macromaterial” has with the same molecular composition.90  
Our studies continued with para-butylphenyldiazomethane towards 
the synthesis of an interesting substrate in the total synthesis of a 
molecular wire.91  HBCs that contain an aliphatic periphery are known to 
be well-behaved discotic liquid crystalline materials, or molecules that 
non-covalently organize themselves into aligned, stacked, columnar 
microstructures in their dissolved state.92  As illustrated in Scheme 8, 
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these unique carbon-rich nanomaterials have been demonstrated as 
potential candidates for the active layer in organic-based optoelectronics 
such as photovoltaic cells (PVCs), organic light emitting diodes (OLEDs), 
and field-effect transistors (FETs).93  
As displayed in Table 2, the implementation of our method to 
access 1,3-bis(4-butylphenyl)propan-2-one (2a) is highly efficient. 
Alternative methods for preparing 1,3-diarylacetones typically require 
stoichiometric amounts of a metal-based carbonylation reagent, such as in 
the report by the Hughes group using the van Leusen (tosyl 
methylisocyanide) reagent or Collman (Na2Fe(CO)4) reagents or  
derivatives thereof.94  More importantly, yields are only moderate when 
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electron-poor benzyl bromides are applied to these methods.%#c  In 
addition to the aliphatic result (2a), with its prominent place in the potential 
applications of materials chemistry, we decided to develop further 
comparison with the methods that utilize stoichiometric iron reagents.   
 
By contrast, our method forms para substituted, electron-poor and 
electron-rich arenes as demonstrated with the synthesis of 1,3-bis(4-
nitrophenyl)propan-2-one (2e) and 1,3-bis(4-methoxyphenyl)propan-2-one 
! "#$!
and (2b), respectively to study the extremes in the electronic effects in our 
phenyldiazomethane starting materials.  We were able to access the 
desired products in high yield with 2b obtained in 83% yield and 2e 
isolated in 84% yield.  This seemingly lack of electronic requirement was 
in stark contrast to the iron-mediated methods whose yields for 2b and 2e 
are 83% and 0%, respectively.%#a  We were also able to confirm the 
electronic tolerance of electron withdrawing groups in our method with the 
synthesis of 4,4'-(2-oxopropane-1,3-diyl)dibenzonitrile 2d in an excellent 
yield of 86% (Table 2, entry 4).   
Another potential use of the downstream 
tetraphenylcyclopentadienones is to capitalize on their inherent low 
HOMO-LUMO gap for applications in organic electronics.95  The targeted 
product of entry 3, 1,3-bis(4-ethynylphenyl)propan-2-one (2c), provides 
the materials chemist with a functional handle for extending conjugation 
throughout an oligomeric structure.96 The production of this synthon (2c) 
towards that goal can be achieved in 81% yield.  Interestingly, under the 
conditions of purification the starting trimethylsilyl protection on the 
terminal acetylenic position is cleaved to afford the unprotected sp-
hybridized carbon centers. 
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2.4.b 1,3-Diarylacetones as Key Synthons in the Controlled 
Synthesis of Buckybowls and Nanotubes 
A foremost goal within the development of the bidirectional chain 
elongation method was not only the improvement of synthetic routes to 
important structures in materials chemistry by increasing the efficient 
access to previously synthesized compounds, but also to create chemical 
routes to previously inaccessible compounds.  We are fortunate to be in a 
department where materials-based synthetic chemistry is being carried out 
at the highest level. The Scott group at Boston College has demonstrated 
success in accessing complex hydrocarbons for the design and synthesis 
of well-defined carbon-based nanomaterials.  The lab’s pioneering work in 
the first de novo chemical synthesis of C60, or buckminsterfullerene, has 
caused their group and others to shift their sights to a ground-up synthesis 
of carbon nanotube endcaps.97,98  In a templating effect, these curved 
carbon geometries can set the stage for the complete synthesis of both 
conducting or semiconducting carbon nanotubes.99 Such achievements 
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hold many documented promises for improving of a wide range of cutting-
edge technologies.100 Shown in Scheme 9 is a projected route to C50, a 
[5,5]-single-walled carbon nanotube endcap.101  The later stages in the 
pathway are based on Pd-catalyzed coupling chemistry102 and flash-
vacuum pyrolysis (FVP) methods that are routinely used in the Scott lab.   
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For this synthetic pathway to be realized, it is imperative that 
precursor molecules be accessible in good yield on gram scale.103 
Unfortunately, application of the stoichiometric methods for diarylacetone 
synthesis is problematic with larger aromatic systems. For example, 
attempted synthesis of 4 and 6  (Table 2) suffered from poor yields (27%) 
or failed altogether."$% Thanks to encouragement from Professor Larry 
Scott, we have achieved a direct solution to this problem. Simultaneous, 
bidirectional chain-elongation of formaldehyde with 1-bromo-2-
(diazomethyl)naphthalene (3) proceeds in 74% yield.  The even greater 
steric hindrance of the phenanthryl-based diazoalkane 5 affords a mono-
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addition carbaldehyde 7 as the predominant product (Scheme 10).  
Nonetheless, we are able to obtain the target ketone (6) in a respectable 
57% yield by resubjecting the arylacetaldehyde to the reaction conditions 
in the absence of formaldehyde after filtration through a plug of silica gel. 
2.4.c Diazoalkanes with Severe Steric Hindrance Allows Convenient 
Access to Dissymmetric Ketones. 
Since steric hindrance serves to deter the second C-H insertion 
event, we wondered whether could enable a general strategy for the 
production of dissymmetric alkanones. Indeed, dicyclohexyldiazomethane 
(8) and the benzophenone derived diazoalkane (9) both deliver the 2,2-
disubstituted ethanal products (10 and 11, Scheme 10) in high yield when 
subjected to the standard reaction conditions.  Upon isolation and 
purification of these sterically encumbered aldehydes products, the 
aldehydes (10 and 11) were treated with different diazoalkanes, and this 
resulted in smooth transformation to the acyclic ketones (14 and 15, 
Scheme 10). 
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2.4.d Expediant Access to Natural Products and Novel Chemical 
Entities. 
Armed with these promising results, we performed experiments to 
extend the method to other, equally challenging substrates.  As displayed 
in entry 1 of Table 3, we achieved a two-step synthesis of the dibenzoic 
acid natural product (17b) by hydrolysis (LiOH, THF) of the corresponding 
diester, itself being formed in 90% by our methodology.  The diacid is 
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isolated from the bark of Cerbera manghas. The plant exhibits analgesic, 
anticonvulsant, cardiotonic, and hypotensive properties.104 !
Hetereoaromatic diazonucleophiles such as the 2-diazomethyl 
furan (18) and thiophene (20) are viable functionality as well in (entries 2 
and 3, Table 3).  The product of entry 4 is a tetrasubstituted acetone (23) 
that we believe is a novel structure. Consistent with other23 carbon 
insertion reactions with dialkyldiazomethanes, Sc(tmhd)3 (tmhd = 2,2,6,6-
tetramethyl-3,5-heptanedianato or t-butyl(acac)) is the preferred catalyst, 
with no observable byproducts from strain release of the double 
cyclopropyl substitution. The 55% yield recorded for 23 is quite 
respectable given that double !-branching is present in the 
diazonucleophile (22) (entry 4, Table 3). 
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2.5 Application of the Bidirectional Chain Elongation 
Reaction in the Total Synthesis of Erythroxylon Alkaloids.  
Following the opening study which established bidirectional chain 
elongation reactions of formaldehyde as an unrivaled entry to important 
1,3-diarylacetones, we commenced our investigation into the asymmetric 
synthesis of the natural product cuscohygrine, the source of the method’s 
inspiration.  As originally planned, our synthetic strategy would be to 
! "##!
elaborate a chiral N-methyl-2-diazomethylpyrrolidine (3) that would directly 
meld onto the target structure.  As shown in Figure 3, the challenging 
formation of the N-methylprolinal (25) through a reductive pathway was 
hampered by two important obstacles: (1) The sensitivity of the desired 
aldehyde (25) makes its solvent-free isolation problematic;105  (2) Despite 
the testing of numerous reducing agents and reaction conditions, the 
overreduction of the substrate methyl ester (23) complicates an efficient 
synthesis of diazoalkane 3. 
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2.5.a N-Benzyl Protection Enables Efficient Production of the 
Pyrrolidine-Based Diazoalkane. 
Upon arriving at this temporary roadblock in the synthetic effort, we 
judged that adding steric bulk to the sensitive amino aldehyde might 
enhance its stability and decided to use a protection strategy. In 
considering which protecting group would be suitable for our process, we 
thought about the demonstrated sensitivity of the proline-derived substrate 
(Scheme 11).   Our aldehyde substrate (25) has a tertiary amine that can 
serve as a Brønsted base and initiate an Aldol-base decomposition 
pathway. This intermolecular event is frequently observed in solution upon 
attempted isolation of N-methylprolinal (25).   
 
With our thoughts turned towards the impending hydrazone 
installation and oxidation, we needed to reflect on how this sensitivity 
might be diminished based on our experience with different conditions for 
hydrazone formation.   The availability of a highly reactive yet mild 
hydrazine source can be found in our monosilyl TIPS-protected hydrazine, 
but in model studies this reagent was shown to deprotect both Boc and 
Cbz carbamate functions that were protecting the nitrogen atom.  The 
! "#$!
benzyl group emerged as a proper protecting group choice, since its mildly 
electron-withdrawing nature and large size would discourage the 
aforementioned deprotonation.  We were also attracted to the mild 
methods of deprotection via metal-catalyzed hydrogenation.   
 
Gratifyingly, as demonstrated in Scheme 12, the benzyl group 
facilitates a smooth transition from proline to diazoalkane 28 via N-benzyl 
prolinal, which can be isolated and stored under inert atmosphere (–20 °C) 
for prolonged periods with no observable decomposition.  To our 
satisfaction, chiral SFC analysis on the fluorobenzoic ester derivative that 
obtained following our improved 19F NMR titration method showed the 
material to be of >98% enantiomeric excess.  Importantly, this confirms 
that hydrazone formation, desilylation, and oxidation under the conditions 
indicated in Scheme 12 do not cause a stereomutation at the !-position in 
the amino aldehyde formed by Swern oxidation of 27.  Although the 
N-benzyl-L-prolinol (27) is commercially available, we chose to synthesize 
the alcohol by a convenient two-step, one-pot method involving Fischer 
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esterification, alkylation, and lithium aluminum hydride reduction (Scheme 
13).  
 
With a route to the proline-based diazoalkane nucleophile in hand, 
we set out to study the synthesis of cuscohygrine.  We were very 
impressed by the ease at which the N-benzyl protected version of 
cuscohygrine (not shown), could be isolated in 58% unoptimized yield in 
high enantiomeric purity.106  However, the goal was not a theoretical 
synthesis of cuscohygrine (2), but a total synthesis.  Therefore, 
investigation into the removal of the benzyl protecting groups under mild 
conditions was initiated, with continuing concern for accessing one 
enantiomer of the natural product. Like related alkaloids, cuscohygrine 2 
has never been obtained as optically active material because it epimerizes 
and/or racemizes so readily (for greater discussion, see below).  For this 
reason, we were unsure of the proper method for N-methylation, as many 
traditional protocols are harsh and conducive to epimerization.   
Palladium-catalyzed hygrogenative removal of the benzyl protecting 
groups was our point of departure given the propensity for epimerization 
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problem.107  Upon testing palladium on carbon as a heterogeneous 
reagent, we were surprised to find that the central ketone function also 
undergoes reduction during the course of the deblocking reaction.  
Without purification and in the same reaction vessel, we proceeded to try 
literature conditions consistent with the required double methylation via 
reductive amination.108 To our delight, this maneuver directly afforded the 
natural product subtarget in its reduced form, dihydrocuscohygrine in a 
clean and efficient manner (Scheme 12).  This two-stage, one-pot process 
proved highly reproducible, and a high enantioenrichment for (–)-
dihydrocuscohygrine confirmed by polarimetry and gas chromatography in 
comparison to authentic racemic material.   
2.5.b  The Troublesome 2,2’-Diaminosubstituted Ketone Moiety: 
Consequences on Homochirality and Product Stability. 
Attempts to translate this enantiomer (1) to its oxidized form (2) 
succeeded only when the conditions were strongly oxidizing (Scheme 12).  
More specifically the only method that was found to deliver the target 
ketone was the Jones oxidation, which necessitates a strongly acidic 
reaction medium (Scheme 12).  Regrettably, complete racemization and 
partial degradation of the substrate (1) is observed during a moderately 
high-yielding synthesis (81%) of rac–cuscohygrine (2).  All other oxidation 
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methods that were attempted either delivered product 2 in low yield, 
suffering from incomplete conversion or reaction failure altogether.109  
Stapper and Blechert also observed these puzzling results previously in a 
total synthesis of racemic cuscohygrine.110 These researchers found it 
imperative that immediately following this oxidation sequence the crude 
reaction mixture should be purified carefully to ensure minimal 
decomposition, as it was found that the natural product was extremely 
sensitive to decay upon its storage in neat form even under inert 
atmosphere at low temperature.  Following their lead, we purified the 
natural product quickly and cautiously, and full characterization showed 
unambiguously the d,l-form of cuscohygrine. 
Through our efforts (–)-dihydrocuscohygrine is prepared without 
recourse to isolation of the extremely sensitive cuscohygrine which has 
never been obtained in optically active form.""$ This is believed to be the 
result of facile stereomutation, presumably by a retro-Mannich pathway. 
The existence of a related isomerization within the oxindole family of 
alkaloids for the natural product horsfiline, one that lacks an !-hydrogen 
atom, lends further support to this pathway of epimerization (Scheme 
14).111  
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As shown in Scheme 14, retro-Mannich reaction gives an achiral 
intermediate which upon re-cyclization results in complete loss of 
enantiopurity (Scheme 14).  Support for this pathway is also confirmed in 
the previously mentioned synthesis of racemic cuscohygrine by Jones 
oxidation of (+)-dihydrocuscohygrine thereby proving the absolute 
configuration of the natural enantiomer of (!)-dihydrocuscohygrine (12.9% 
total yield over 13 steps from the commercially available tropone).110   
2.5.c Completion of a Protecting Group-Free Synthesis of 
Cuscohygrine. 
In spite of the instability of the desired aldehyde 25, the 
corresponding diazo compound 3 can be prepared in 23% yield over four 
steps by careful handling of the amino aldehyde (25) after a tightly 
monitored Swern oxidation.  By reaching the aldehyde functionality 
through an oxidation, rather than the previously problematic reduction 
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protocol (Figure 4), we were able to immediately initiate formation of the 
mono-silyl protected hydrazone at a controlled temperature.  
 
In a final attempt to access homochiral cuscohygrine, the 
proline-derived diazoalkane (3) was exposed to gaseous monomeric 
formaldehyde and catalytic Sc(OTf)3 at low temperature, and following the 
evolution of nitrogen gas, the reaction mixture was promptly filtered 
through neutral alumina in a rigorously optimized solvent system (TLC Rf 
= 0.26 in 5:4:1 hexanes/DCM/Et2NH).  The natural product forms cleanly, 
albeit in low yield, but 1H and 13C NMR analysis still show it to be identical 
to both synthetic and naturally occurring cuscohygrine, which again 
implies that the meso and d,l- forms are interconverting even under the 
neutral reaction and purification conditions.#%a   
 
2.6 Other Bioactive Synthetic Targets  
 A bidirectional method to synthesize a variety of useful molecules 
with a high level of atom economy and further reduced waste stream can 
provide structures such as those pictured in Figure 4.  The molecules 
Timcodar and Biricodar were both developed by Vertex pharmaceuticals 
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to increase efficacy of current chemotherapies in the late 1990s.112 
Although these molecules effectively met this medicinal goal, Timcodar 
was found to aid in the regeneration of epidermal nerve fiber density after 
a standardized nerve injury in a randomized double blind animal study, 
although human models have shown conflicting results.113 
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Fluconazole was originally developed by Pfizer (Diflucan or Trican) 
to combat systemic fungal infections in patients with compromised 
immune response due to chemotherapy or radiation treatment.  Our 
symmetrical ketone synthesis could potentially access the 1,3-ditriazolyl-2-
propanone that could be nucleophilically attacked by an appropriately 
metallated arene.  The bottom two natural products are both derived from 
plants native to Southeast Asia.  The benzo[c]phenanthridine alkaloid has 
been proven effective in improving gingival health when incorporated into 
toothpaste, which confirms its antibacterial and antibiofilm properties.114 
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2.7 Conclusions.  
We have demonstrated an efficient catalytic approach to ketone 
synthesis by a two-component coupling in a 2:1 ratio of non-stabilized 
diazoalkanes with formaldehyde. The reaction permits a substantial 
amount of steric hindrance and is well suited for preparing sterically 
demanding 1,3-diarylacetone building blocks for materials science. The 
two-directional strategy has enabled a short enantiospecific total synthesis 
of the bis(pyrrolidine) alkaloid (–)-dihydrocuscohygrine that requires only 
five flasks starting from (S)-N-benzylprolinol. It is noteworthy that 
sensitive, !-chiral aldehydes are transposed to the corresponding diazo 
compounds for use in esterification or homologation processes with 
preservation of enantiopurity.   
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2.8 Experimentals.  
General.  Infrared spectra were recorded on a Bruker FT-IR Alpha (ATR 
mode) spectrophotometer, !max in cm
–1.  Bands are reported as strong (s), 
medium (m), weak (w), and broad (br).  1H NMR spectra were recorded on 
a Varian Gemini 2000 (400 MHz) spectrometer.  Chemical shifts are 
reported in ppm from tetramethylsilane with the solvent resonance as the 
internal standard (CHCl3: " 7.26).  Data are reported as follows:  chemical 
shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, 
m = multiplet), coupling constants (Hz), and integration.  13C NMR spectra 
were recorded on a Varian Gemini 2000 (100 MHz) spectrometer with 
complete proton decoupling.  Chemical shifts are reported in ppm from 
tetramethylsilane with the solvent as the internal reference (CDCl3: " 
77.23).  High-resolution mass spectra were obtained at the Boston 
College Mass Spectrometry Facility (Chestnut Hill, MA) utilizing a JEOL 
AccuTOF with Data Acquisition in Real Time (DART).  Optical rotations 
were measured on a Rudolph Research Analytical Autopol IV Polarimeter.  
Enantiopurity for 1,3-Bis((S)-1-benzylpyrrolidin-2-yl)propan-2-one and (S)-
(1-benzylpyrrolidin-2-yl)methyl 2-fluorobenzoate (29) was determined by 
Supercritical Fluid Chromatography (SFC) on a Berger instrument with a 
Daicel CHIRALCEL OD-H column (0.46 cm # x 25 cm).  Enantiopurity for 
(–)-dihydrocuscohygrine 1 was determined by chiral GLC analysis on an 
! "#$!
Alltech Associates Chiraldex BDM column (30 m x 0.25 mm) equilibrated 
to 250 °C. 
Unless stated otherwise, all reactions were carried out in flame-dried 
glassware under an atmosphere of nitrogen in dry, degassed solvents 
using standard Schlenk or vacuum-line techniques.  THF, Et2O, toluene, 
CH2Cl2, DMF, pentane, and hexanes were dispensed from a Glass 
Contour solvent purification system custom manufactured by SG Waters, 
LLC (Nashua, NH).  Triisopropylsilylhydrazine was prepared as previously 
described.3  4-Butylbenzaldehyde and 1,1,3,3-tetramethylguanidine were 
vacuum distilled over calcium hydride.  4-Methoxybenzaldehyde, 4-
formylbenzonitrile, 4-((trimethylsilyl)ethynyl)benzaldehyde, methyl 3-
formylbenzoate, furfural, thiophene-2-carboxaldehyde, dicyclopropyl-
methanone, dicyclohexylmethanone, and 3,4-dihydronaphthalen-1(2H)-
one were vacuum distilled. 4-Nitrobenzaldehyde was recrystallized from 
water–isopropanol.  Pb(OAc)4, after dissolution in minimal hot glacial 
acetic acid, deposited as bright white needles upon cooling.  The crystals 
were washed in a fritted Schlenk filter with pentane, dried under high 
vacuum, and then stored in a glovebox at –20 °C.  Hydrazine hydrate 
(60%), TBAF, 2-(2,2-dimethyl-1,3-dioxolan-4-yl)acetaldehyde, 9-
bromophenanthrene, 1-bromo-2-methylnaphthalene, benzophenone, 
powdered 4 Å molecular sieves, 2-fluorobenzoic acid, N-
bromosuccinimide, silver(I) acetate, Sc(OTf)3 and Sc(tmhd)3 were 
purchased from commercial sources and used as received.  The general 
! "#$!
procedure given below for preparing an unprotected arylhydrazone is 
based on one described previously.115  Column chromatography was 
performed with EMD silica gel 60 (230-400 mesh) and driven with 
compressed air.  Analytical TLC was carried out with EMD silica gel 60 
F254 precoated plates (250 µm thickness) and a ceric ammonium 
molybdate, potassium permanganate, ninhydrin, or 2,4-
dinitrophenylhydrazine stain for spot visualization. 
 
Representative Procedure for the Synthesis and Handling of an Aliphatic 
Diazoalkane: 
 
1-(2-(2,2-Dimethyl-1,3-dioxolan-4-yl)ethylidene)-2-
(triisopropylsilyl)-hydrazone.  A 10 mL round-bottom 
flask equipped with a Teflon-coated stir bar and a jointed vacuum adapter 
was charged with powdered 4 Å molecular sieves (4 g) and flame-dried 
under vacuum.  After backfilling the flask with nitrogen, the vacuum 
adapter was swapped for a rubber septum, and 2-(2,2-dimethyl-1,3-
dioxolan-4-yl)acetaldehyde (0.166 g, 1.15 mmol) and THF (2.5 mL) were 
added in succession with stirring.  The suspension was then cooled to 0 
°C and triisopropylsilylhydrazine (0.216 g, 1.15 mmol, 1.0 equiv; measured 
by mass difference into a gas tight syringe) was added dropwise over 2 h 
from a syringe pump.  After 30 min of additional stirring, the mixture was 
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filtered through a pad of Celite in a sintered glass Schlenk filter into a 100 
mL round-bottom flask cooled to 0 ºC.  The original flask, molecular 
sieves, and Celite were washed with two additional 2 mL volumes of cold 
Et2O.  The resulting homogeneous filtrate was concentrated on a rotovap 
equipped with an oil-free diaphragm pump (3–10 torr) to provide 0.362 g 
(1.15 mmol, >98%) of product as a colorless oil (~3:2 E:Z mixture, >98% 
pure by 1H NMR analysis).  If not used directly in the subsequent 
oxidation, this material was stored under nitrogen atmosphere at –20 °C. 
 
4-(2-Diazoethyl)-2,2-dimethyl-1,3-dioxolane (12).  To 
a 50 mL round-bottom flask containing a Teflon-coated 
stir bar, 1-(2-(2,2-dimethyl-1,3-dioxolan-4-yl) 
ethylidene)-2-(triisopropylsilyl)hydrazone (362 mg, 1.15 mmol) and 10 mL 
of THF were added.  After cooling the colorless solution to 0 ºC, 1.15 mL 
of TBAF (1.00 M in THF, 1.15 mmol, 1.00 equiv) was added by syringe, at 
which point a yellow–orange discoloration immediately occurred.  The 
solution was stirred for 10 min and then concentrated under vacuum.  
Without purification and in the same vessel, the crude hydrazone was 
freed of residual solvent under high vacuum, backfilled with nitrogen, and 
redissolved in 7.6 mL of DMF and 2.88 mL 1,1,3,3-tetramethylguanidine 
(23.0 mmol, 20 equiv).  The resulting light pink solution was cooled to –45 
°C (dry ice/1:1 ethanol–ethylene glycol)116 and Pb(OAc)4, finely powdered 
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and weighed into a vial in a glovebox (561 mg, 1.26 mmol, 1.1 equiv), was 
added in one portion.  After 45 min of stirring at –45 °C, 50 mL of ice cold 
pentane was added and the mixture was poured into a separatory funnel.  
After removing the colored organic layer, the DMF layer was extracted 
three times with 25 mL of cold pentane and then the DMF layer was 
discarded as waste.  The pooled extracts were quickly washed once with 
25 mL of a cold (–20 °C) 30% aqueous potassium hydroxide solution and 
twice with cold 25 mL volumes of saturated ammonium chloride.  These 
washes serve (respectively) to remove residual DMF and 
tetramethylguanidine from the organic extract, a prerequisite for efficient 
catalytic carbon insertion but not esterification.  The diazoalkane solution 
was then dried over potassium carbonate, filtered with a sintered glass 
fritted filter, and concentrated under high vacuum at –45 °C to afford 4-(2-
diazoethyl)-2,2-dimethyl-1,3-dioxolane (21) as a red oil.  The oil was 
immediately dissolved in toluene and transferred (quantitatively, with 
rinsing) by cannula to a 1 mL volumetric flask.  The active titer was 
determined by an esterification reaction with 2-fluorobenzoic acid.  Thus, 
100 !L of the stock solution was added to a cold (–45 °C) flask containing 
a 1 M Et2O solution of 2-fluorobenzoic acid (16.0 mg, 0.115 mmol, 1.00 
equiv based on theoretical) dropwise by syringe.  Upon warming from –45 
°C, the reaction mixture became colorless and nitrogen evolution was 
observed.  The solvent was then removed under reduced pressure and 
the crude solids were dissolved in CDCl3 for 
19F NMR analysis.  Based on 
! "#"!
integration of the unreacted 2-fluorobenzoic acid to the newly formed 
benzoate ester (1.44:1), the active titer for the diazoalkane stock solution 
in toluene was obtained (0.47 M, 41% yield). 
 
Representative Procedure for the Synthesis of an Unprotected 
Arylhydrazone: 
 
4-Nitrobenzaldehyde hydrazone.  In a 2 dram vial 
equipped with a Teflon-coated stir bar, 4-
nitrobenzaldehyde (0.453 g, 3.00 mmol) was suspended in 2.0 mL of 
hydrazine hydrate.  The vial was sealed with a Teflon-lined screw cap and 
the heterogeneous mixture was stirred rapidly with heating at 100 ºC.  
After 6 h, the mixture was cooled to 23 °C and the product was extracted 
with three times with 2 mL portions of CH2Cl2.  The combined extracts 
were dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to provide 0.479 g (2.90 mmol, 96%) of an oil.  The material was 
>98% pure by 1H NMR spectroscopy and proved to be a >98:2 E:Z 
mixture. 
 
1-Butyl-4-(diazomethyl)benzene (1a).  Prepared as a 
1.23 M solution in 82% yield from 0.574 g of 
(4-butylbenzylidene)hydrazone (3.00 mmol) by the known procedure.24a  
Used in a reaction with formaldehyde immediately after its preparation, 
O2N
N
NH2
n-Bu
N21a
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otherwise stored cold at –78 °C. 
 
Representative Procedure for the Bidirectional Synthesis of Ketones: 
 
1,3-Bis(4-butylphenyl)propan-2-one (2a).  
In a glovebox, Sc(OTf)3 (35 mg, 0.071 mmol, 
0.095 equiv) was added to a 25 mL round-bottom flask containing a 
Teflon-coated stir bar.  The flask was sealed with a rubber septum, 
removed from the glovebox, and taken into a fume hood.  Under positive 
nitrogen pressure, the Sc(OTf)3 was suspended in toluene (7.5 mL, 0.1 M) 
and the flask cooled to –20 °C (dry ice/ethylene glycol–ethanol).8  
Monomeric formaldehyde was then introduced by “cracking” solid 
paraformaldehyde (<100 mg, thermal depolymerization, >150 °C) in a 
separate round-bottom flask and allowing the generated gas to pass 
through a 16G steel cannula into the toluene/Sc(OTf)3 suspension.  Care 
is taken to pre-dry the paraformaldehyde solid by first grinding the polymer 
pieces into a fine powder followed by overnight desiccation in an 
Abderhalden drying pistol with P2O5. With formaldehyde bubbling through 
the reaction mixture, a solution of 1a (0.61 mL of a 1.23 M solution in 
toluene, 0.75 mmol, 1.0 equiv) was added dropwise over 5 min.  At the 
end of the addition, the bubbling of formaldehyde gas was stopped and 
the reaction was stirred at –20 °C for 10 min.  The reaction mixture was 
then poured into a separatory funnel, diluted with 20 mL of Et2O, and 
O
n-Bu n-Bu
2a
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washed with 40 mL of water and 40 mL of saturated sodium chloride.  
After collection of the organic layer, drying over sodium sulfate, filtration, 
and concentration afforded a yellow oil that was further purified by silica 
gel chromatography (TLC Rf = 0.30 in 97.5:2.5 hexanes:ethyl acetate).  
These operations delivered 106 mg (0.33 mmol, 88%) of 2a as a colorless 
oil.  IR (thin film): 2928 (m), 2857 (m), 1702 (s), 1606 (w), 1512 (w), 1457 
(w), 1276 (w), 1103 (m), 823 (w) 650 (w), 537 (w).  1H NMR (400 MHz, 
CDCl3): ! 7.12 (d, J = 8.1 Hz, 4H), 7.05 (d, J = 8.0 Hz, 4H), 3.67 (s, 4H), 
2.85 (t, J = 6.4 Hz, 4H), 1.59 (dt, J = 6.8, 4.6 Hz, 4H), 1.35 (dd, J = 15.0, 
7.4 Hz, 4H), 0.92 (t, J = 7.3 Hz, 6H).  13C NMR (100 MHz, CDCl3): ! 
206.40, 141.89, 131.43, 129.57, 128.97, 48.90, 35.49, 33.81, 22.58, 
14.17.  HRMS (ESI+) Calcd for C23H31O
+ [M+H]+: 323.2330; Found: 
323.2416. 
 
(4-Methoxyphenyl)diazomethane (1b).  Prepared as a 
1.47 M toluene solution in 78% yield from 0.297 g of (4-
methoxybenzylidene)hydrazone (1.97 mmol) by the known procedure.24a  
Used in a reaction with formaldehyde immediately after its preparation, 
otherwise stored cold at –78 °C. 
 
1,3-Bis(4-methoxyphenyl)propan-2-one (2b).  
Prepared according to the representative 
procedure given above from 0.248 mmol of 1b (0.169 mL of a 1.47 M 
MeO
N21b
O
MeO OMe
2b
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solution in toluene, 1.0 equiv) and 10 mg of Sc(OTf)3 (0.02 mmol, 0.08 
equiv).  Product 2b was recovered as a colorless oil (27.8 mg, 83% yield).  
Full characterization for this material has been previously reported in the 
literature.117  
 
((4-(Diazomethyl)phenyl)ethynyl)trimethylsilane 
(1c).  Prepared as a 1.98 M toluene solution in 84% 
yield from 0.266 g of (4-((trimethylsilyl)ethynyl)benzyl-idene)hydrazone 
(1.23 mmol) by the known  procedure.24a  Used in a reaction with 
formaldehyde immediately after its preparation, otherwise stored cold at –
78 °C. 
 
1,3-Bis(4-ethynylphenyl)propan-2-
one (2c).  Prepared by the 
representative procedure given above from 1.00 mmol of 1c (0.505 mL of 
a 1.98 M solution in toluene, 1.0 equiv) and 50.0 mg Sc(OTf)3 (0.102 
mmol, 0.10 equiv).  After purification by silica gel chromatography (TLC Rf 
= 0.33 in 12:1 hexanes:ethyl acetate), 104 mg of 2c was recovered as a 
white crystalline solid in 81% yield (mp = 131-132 °C), and 
characterization revealed that desilylation had occurred during the 
chromatography.  IR (thin film): 3293 (s), 3032 (w), 2889 (w), 1716 (s) 
1508 (m), 1414 (m), 1335 (m), 1303 (m), 1108 (w), 1054 (m), 1020 (w), 
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847 (m), 823 (m), 641 (m),  543 (m), 515 (w), 422 (w).  1H NMR (400 MHz, 
CDCl3): ! 7.47-7.42 (m, 1H), 7.12-7.08 (m, 1H), 3.72 (s, 1H), 3.07 (s, 1H).  
13C NMR (100 MHz, CDCl3): ! 204.48, 147.06, 134.64, 132.62, 129.64, 
121.20, 83.41, 49.17.  HRMS (ESI+) Calcd for C19H15O
+ [M+H]+: 
259.1054; Found: 259.1128. 
 
4-(Diazomethyl)benzonitrile (1d).  Prepared as a 0.271 M 
toluene solution in 82% yield from 0.240 g of 4-
(hydrazonomethyl)benzonitrile (1.65 mmol) by the known procedure.24a 
Used in a reaction with formaldehyde immediately after its preparation, 
otherwise stored cold at –78 °C. 
 
4,4'-(2-Oxopropane-1,3-diyl)dibenzonitrile 
(2d).  Prepared by the representative procedure 
given above from 0.136 mmol of 1d (0.502 mL of a 0.271 M solution in 
toluene, 1.0 equiv) and 6.6 mg Sc(OTf)3 (0.013 mmol, 0.10 equiv).  
Product 2d was recovered as a white solid (15.2 mg, 86% yield, mp = 150-
151 ºC).  Characterization data has been previously reported.118 
 
(4-Nitrophenyl)diazomethane (1e).  Made as a 1.51 M 
toluene solution in 95% yield from 0.240 g of 4-
nitrobenzaldehyde hydrazone (1.58 mmol) by the known procedure.24a  
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Used in a reaction with formaldehyde immediately after its preparation, 
otherwise stored cold at –78 °C. 
 
1,3-Bis(4-nitrophenyl)propan-2-one (2e).  
Prepared by the representative procedure given 
above from 1.51 mmol of 1e (1.00 mL of a 1.51 M solution in toluene, 1.0 
equiv) and 44 mg of Sc(OTf)3 (0.090 mmol, 0.06 equiv).  Product 2e was 
recovered as a crystalline solid (190 mg, 84% yield, mp = 178-179 ºC).  
Characterization data has been previously reported.119 
 
Methyl 3-(diazomethyl)benzoate (16).  Prepared as a 
0.33 M toluene solution in 51% yield by the 
representative procedure for the synthesis of aliphatic diazoalkanes from 
0.310 g of methyl 3-((2-(triisopropylsilyl)hydrazono)methyl)benzoate 
(0.927 mmol). Used in a reaction with formaldehyde immediately after its 
preparation, otherwise stored cold at –78 °C. 
 
Dimethyl 3,3'-(2-oxopropane-1,3-
diyl)dibenzoate (17a).  Prepared by the 
representative procedure given above from 0.33 mmol of 16 (1.0 mL of a 
0.33 M solution in toluene, 1.0 equiv) and 16.2 mg of Sc(OTf)3 (0.033 
mmol, 0.10 equiv).  Diester 17a was isolated as a colorless oil (48.5 mg, 
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90% yield) after silica gel chromatography (TLC Rf = 0.33 in 8:2 
hexanes:ethyl acetate).  IR (thin film): 2919 (m), 2863 (m), 1722 (m), 1711 
(s), 1599 (w), 1562 (w), 1427 (w), 1413 (w), 1337 (m), 1309 (w), 1070 (w) 
758 (w), 698 (w).   1H NMR (400 MHz, CDCl3): ! 7.95 (dd, J = 7.6, 1.4, 
1H), 7.82 (s, 1H), 7.40 (t, J = 7.6, 1H), 7.34 (dd, J = 6.1, 1.5, 1H), 3.91 (s, 
3H), 3.81 (s, 2H). 13C NMR (100 MHz, CDCl3): ! 204.44, 166.91, 134.17, 
134.14, 130.79, 130.76, 128.93, 128.58, 52.32, 49.07. HRMS (ESI+) 
Calcd for C19H19O5
+ [M+H]+: 327.1152; Found: 327.1373. 
 
3,3'-(2-Oxopropane-1,3-diyl)dibenzoic 
acid (17b).  A 0.05 M solution of 17a 
(27.6 mg, 0.085 mmol) in 1:1 THF–water was added to a 10 mL round-
bottom flask equipped with a Teflon-coated stir bar and treated with LiOH 
(20.0 mg, 0.858 mmol, 10 equiv) as a solid in one portion.  Upon 
dissolution of the base, the colorless solution was stirred for 4 h and 
diluted with 20 mL of a 1 N HCl solution (20 mL).  The contents of the 
reaction vessel were then poured into a separatory funnel and extracted 
with 25 mL of CH2Cl2 three times.  The combined organic layers were 
dried over sodium sulfate, filtered, and concentrated to a light yellow solid.  
Purification was achieved by silica gel chromatography (TLC Rf = 0.30 in 
9:1 dichloromethane:methanol) to yield a white solid (11.6 mg, 42% yield, 
279-282 ºC).  Spectroscopic data for diacid 17b was in agreement with 
that reported in the isolation literature.104 
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2-(Diazomethyl)furan (18).  Prepared as a 1.72 M toluene 
solution in 37% yield from 0.451 g of (furan-2-
ylmethylene)hydrazone (4.09 mmol) by the known procedure.24a  Used in 
a reaction with formaldehyde immediately after its preparation, otherwise 
stored cold at –78 °C. 
 
1,3-Di(furan-2-yl)propan-2-one (19).  Prepared by 
the representative procedure given above from 0.34 
mmol of 2-(diazomethyl)furan (0.20 mL of a 1.72 M solution in toluene, 1.0 
equiv) and 16.7 mg of Sc(OTf)3 (0.034 mmol, 0.10 equiv).  Purification by 
silica gel chromatography (TLC Rf = 0.30 in 92:8 hexanes:ethyl acetate) 
gave 23.8 mg of a colorless oil (74% yield).  IR (thin film): 3121 (w), 2924 
(w), 2853 (w), 1726 (s), 1598 (w), 1504 (m), 1384 (w), 1329 (w), 1147 (m), 
1074 (w), 1011 (m), 913 (w), 806 (w), 734 (s), 599 (m).  1H NMR (400 
MHz, CDCl3): ! 7.37 (dd, J = 1.9, 0.8 Hz, 2H), 6.34 (dd, J = 3.1, 1.9 Hz, 
2H), 6.19 (dd, J = 3.2, 0.7 Hz, 2H), 3.77 (s, 4H). 13C NMR (100 MHz, 
CDCl3): ! 201.34, 147.76, 142.42, 110.86, 108.68, 41.64.  HRMS (ESI+) 
Calcd for C11H11O3
+ [M+H]+: 191.0664; Found: 191.0714. 
 
2-(Diazomethyl)thiophene (20).  Prepared as a 0.35 M 
toluene solution in 45% yield from 0.353 g of (thiophen-2-
ylmethylene)hydrazone (3.150 mmol) by the known procedure.24a  Used in 
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a reaction with formaldehyde immediately after its preparation, otherwise 
stored cold at –78 °C. 
 
1,3-Di(thiophen-2-yl)propan-2-one (21).  Prepared 
by the representative procedure given above from 
0.14 mmol of 2-(diazomethyl)furan (0.40 mL of a 0.35 M solution in 
toluene, 1.0 equiv) and 8.0 mg of Sc(OTf)3 (0.016 mmol, 0.12 equiv).  
Purification by silica gel chromatography (TLC Rf = 0.30 in 95:5 
hexanes:ethyl acetate) provided 11.9 mg of a colorless oil (76% yield).  IR 
(thin film): 3105 (w), 2921 (w), 2898 (w), 2854 (w), 1721 (s), 1612 (w), 
1532 (w), 1435 (w), 1401 (w), 1317 (w), 1211 (w), 1079 (m), 851 (w), 696 
(s), 537 (w).  1H NMR (400 MHz, CDCl3): ! 7.22 (dd, J = 5.2, 1.2 Hz, 2H), 
6.96 (dd, J = 5.2, 3.5 Hz, 2H), 6.87 (d, J = 3.5 Hz, 2H), 3.96 (d, J = 0.7 Hz, 
4H).  13C NMR (100 MHz, CDCl3): ! 202.81, 134.85, 127.25, 127.24, 
125.46, 42.55.  HRMS (ESI+) Calcd for C11H11S2O
+ [M+H]+: 223.0251; 
Found: 223.2720. 
 
(Diazomethylene)dicyclopropane (22).  Prepared as a 0.63 
M toluene solution in 28% yield by the representative 
procedure for the synthesis of aliphatic diazoalkanes from 0.516 g of 
(dicyclopropylmethylene)hydrazine (4.15 mmol).  Used in a reaction with 
formaldehyde immediately after its preparation, otherwise stored cold at –
78 °C. 
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1,1,3,3-Tetracyclopropylpropan-2-one (23).  Prepared by 
the representative procedure given above from 0.186 mmol 
of 9 (0.295 mL of a 0.63 M solution in toluene, 1.0 equiv) 
and 11.1 mg of Sc(tmhd)3 (0.019 mmol, 0.10 equiv).  Purification by silica 
gel chromatography (TLC Rf = 0.30 in 97.5:2.5 hexanes:ethyl acetate) 
afforded 11.2 mg of 10 as a colorless oil (55% yield).  IR (thin film): 3080 
(w), 3006 (w), 2924 (m), 2854 (w), 1731 (s), 1463 (m), 1377 (w), 1272 (w), 
1098 (m), 1020 (w), 998 (w), 958 (w), 932 (w), 856 (w), 820 (m).  1H NMR 
(400 MHz, CDCl3): ! 2.53 (t, J = 7.6 Hz, 2H), 0.94 (qt, J = 8.2, 5.1 Hz, 4H), 
0.51-0.40 (m, 8H), 0.36-0.29 (m, 4H), 0.25-0.18 (m, 4H).  13C NMR (100 
MHz, CDCl3): ! 210.92, 27.06, 20.84, 10.69.  HRMS (ESI+) Calcd for 
C15H23O
+ [M+H]+: 219.1704; Found: 219.1611. 
 
1-Bromo-2-(dibromomethyl)naphthalene.  To a 100 mL 
round-bottom flask equipped with a Teflon-coated stir bar, 
2.21 g of 1-bromo-2-methylnaphthalene (10.0 mmol), 4.45 g of N-
bromosuccinimide (25.0 mmol, 2.5 equiv), and 0.33 g of 
azobisisobutyronitrile (2.0 mmol, 0.20 equiv) were added in succession.  
The flask was outfitted with a reflux condenser, evacuated, and backfilled 
with nitrogen.  The reactants were dissolved in benzene (35 mL, 0.3 M) 
and stirred at reflux for 24 h.  The reaction mixture was then cooled to 23 
°C, transferred to a separatory funnel, and washed three times with 25 mL 
Br
BrBr
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of saturated sodium bisulfite.  In each case, the aqueous wash was back-
extracted with 5 mL of CH2Cl2, and this rinse fraction was added to the 
organic layer.  After drying over sodium sulfate, filtration, and 
concentration, the crude product was purified by silica gel chromatography 
(TLC Rf = 0.35 in 97.5:2.5 hexanes:ethyl acetate) to give 3.61 g of the 
tribromide as a yellow solid (96% yield).  Characterization data has been 
previously reported.120 
 
1-Bromo-2-naphthaldehyde.  A 200 mL round-bottom 
flask equipped with a Teflon-coated stir bar was covered 
with aluminum foil to exclude light and charged with 3.79 g of 1-bromo-2-
(dibromomethyl)naphthalene (10.0 mmol) and 3.34 g of silver(I) acetate 
(20.0 mmol, 2.0 equiv).  The solids were dissolved in 16 mL of water, 33 
mL of acetone, and 50 mL of ethanol (0.1 M, 1:2:3 ratio).  After stirring for 
24 h at 23 °C, the reaction mixture was transferred to a separatory funnel 
and washed with 100 mL of Et2O.  In turn, the organic layer was washed 
three times with 80 mL of saturated sodium chloride.  After collecting the 
ether layer, it was dried over sodium sulfate, filtered, and concentrated.  
Purification by silica gel chromatography (TLC Rf = 0.33 in 97.5:2.5 
hexanes:ethyl acetate) provided 2.21 g of the aldehyde as a yellow solid 
(95% yield).  Characterization data has been previously recorded."$% 
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((1-Bromonaphthalen-2-yl)methylene)hydrazone.  In 
a 20 mL vial equipped with a Teflon-coated stir bar, 1-
bromo-2-naphthaldehyde (0.710 g, 3.02 mmol, 1.0 equiv) was suspended 
in 0.50 mL of hydrazine hydrate (15 mmol, 5.0 equiv) and 6 mL of ethanol 
(0.5 M).  After sealing the vial with a Teflon-lined screw cap, the 
heterogeneous mixture was stirred rapidly with heating at 80 ºC.  After 2 h, 
the mixture was cooled to 23 °C for 12 h of stirring.  The product was then 
extracted with three 5 mL volumes of CHCl3.  The pooled extracts were 
dried over sodium sulfate, filtered, and concentrated to afford 0.479 g 
(2.90 mmol, 96% yield) of a white solid.  This material was >98% pure and 
consisted of a >98:2 E:Z mixture on the basis of 1H NMR analysis. 
 
1-Bromo-2-(diazomethyl)naphthalene (3).  Prepared as 
a 0.25 M toluene solution in 85% yield from 0.252 g of ((1-
bromonaphthalen-2-yl)methylene)hydrazone (1.01 mmol) by the known 
procedure.24a  Used in a homologation reaction with formaldehyde 
immediately after its preparation, otherwise stored cold at –78 °C. 
 
1,3-Bis(1-bromonaphthalen-2-yl)propan-2-
one (4).  Prepared by the representative 
procedure given above from 0.50 mmol of 3 
(2.0 mL of a 0.25 M solution in toluene, 1.0 equiv) and 25 mg of Sc(OTf)3 
Br
N
NH2
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(0.050 mmol, 0.10 equiv).  Purification by silica gel chromatography (TLC 
Rf = 0.30 in 95:5 hexanes:ethyl acetate) delivered 86.6 mg of 12 as a 
white solid in 74% yield (mp = 163 °C).  IR (thin film): 3087 (w), 3052 (w), 
1716 (s), 1603 (w), 1585 (w), 1488 (w), 1452 (w), 1392 (m), 975 (w), 822 
(m), 760 (w).  1H NMR (400 MHz, CDCl3): ! 8.31 (d, J = 8.4 Hz, 2H), 7.82 
(d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.60 (dd, J = 8.4, 6.9 Hz, 2H), 
7.52 (dd, J = 8.4, 6.8 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.24 (s, 4H).  13C 
NMR (100 MHz, CDCl3): ! 203.33, 133.85, 132.77, 132.70, 128.74, 
128.28, 128.00, 127.74, 127.58, 126.63, 125.31, 51.31.  HRMS (ESI+) 
Calcd for C23H17Br2O
+ [M+H]+: 469.9439; Found: 469.9527. 
 
9-Methylphenanthrene.  To a solution of 5.00 g (19.4 mmol) 
of 9-bromophenanthrene in Et2O (100 mL, 0.2 M) at 0 °C was 
added 10.7 mL of n-BuLi (2.0 M in hexanes, 21.4 mmol, 1.1 equiv) 
dropwise over 10 min.  After warming the solution to 23 °C for 10 min and 
recooling it to 0 °C, 3.52 mL of dimethyl sulfate (36.9 mmol, 1.9 equiv) was 
added dropwise over a 30 min period.  The reaction mixture was then 
heated to reflux for 5 h.  After cooling to 23 °C, the reaction was quenched 
with 40 mL of ammonium hydroxide and transferred to a separatory 
funnel.  The organic layer was washed three times with 50 mL of saturated 
sodium chloride and then collected, dried over sodium sulfate, filtered, and 
concentrated.  The resulting solid was recrystallized from hot hexanes to 
afford 3.59 g of colorless needles (72% yield).  Characterization data has 
Me
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been previously reported.121 
 
9-Bromo-10-methylphenanthrene.  A 100 mL round-bottom 
flask containing a Teflon-coated stir bar and covered with 
aluminum foil to exclude light was charged with 2.44 g (12.7 
mmol) of 9-methylphenanthrene and 2.71 g of N-bromosuccinimide (15.2 
mmol, 1.2 equiv).  After the flask was flushed with nitrogen and sealed 
with a rubber septum, the reactants were dissolved in acetonitrile (21.2 
mL, 0.6 M) for 24 h of stirring at 23 °C.  At the end of the reaction period, 
20 mL of 1 N NaOH was added with 10 min of stirring.  The mixture was 
then poured into a separatory funnel and extracted with three 25 mL 
volumes of CH2Cl2.  Organic layers were pooled, dried over sodium 
sulfate, filtered, and concentrated to give 3.10 g (90% yield) of bromide 
that was used directly in the next reaction without further purification.  
Characterization data has been previously reported."%" 
 
9-Bromo-10-(bromomethyl)phenanthrene.  A 250 mL 
round-bottom flask containing a Teflon-coated stir bar was 
charged with 3.10 g of 9-bromo-10-methylphenanthrene (11.4 
mmol), 4.27 g of N-bromosuccinimide (24.0 mmol, 2.1 equiv), and 0.280 g 
of azobisisobutyronitrile (1.71 mmol, 0.15 equiv).  The flask was outfitted 
with a reflux condenser, evacuated, and backfilled with nitrogen.  The 
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reactants were dissolved in benzene (60 mL, 0.2 M) and stirred at reflux 
for 24 h.  The reaction mixture was then cooled to 23 °C, transferred to a 
separatory funnel, and washed three times with 50 mL of saturated 
sodium bisulfite.  In each case, the aqueous wash was back-extracted 
with 20 mL of CH2Cl2, and this rinse fraction was added to the organic 
layer. The solution was dried over sodium sulfate, filtered, and 
concentrated to give 3.91 g (98%) of dibromide that was directly used 
without further purification.  Characterization data has been previously 
reported."%" 
 
(10-Bromophenanthren-9-yl)methanol.  A 250 mL round-
bottom flask equipped with a Teflon-coated stir bar and 
covered with aluminum foil to exclude light was charged with 
4.12 g (11.0 mmol) of 9-bromo-10-(bromomethyl)phenanthrene and 4.00 g 
of silver(I) acetate (24.2 mmol, 2.2 equiv).  After dissolving the solids in 10 
mL of water, 30 mL of acetone, and 60 mL of ethanol (0.1 M, 1:2:3 ratio), 
the solution was stirred at 23 °C for 24 h.  The reaction mixture was then 
transferred to a separatory funnel and washed with 100 mL of Et2O.  In 
turn, the organic layer was washed three times with 80 mL of saturated 
sodium chloride before being dried over sodium sulfate, filtered, and 
concentrated.  Purification by silica gel chromatography (TLC Rf = 0.33 in 
9:1 hexanes:ethyl acetate) afforded 2.94 g of the alcohol as a white solid 
(93% yield).  Characterization data has been previously reported."%" 
Br OH
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10-Bromophenanthrene-9-carbaldehyde.  A –60 °C 
solution of 0.22 mL of dimethyl sulfoxide (3.13 mmol, 1.10 
equiv) in THF (20 mL) was treated with 0.26 mL of oxalyl 
chloride (2.99 mmol, 1.05 equiv) dropwise over 5 min.  After 15 min of 
stirring, 0.820 g (2.84 mmol, 1.0 equiv) of (10-bromophenanthren-9-
yl)methanol was added as a solution in THF (8 mL).  After 15 min 0.84 mL 
of triethylamine (5.97 mmol, 2.1 equiv) was added, and the vessel was 
allowed to slowly warm to 23 °C.  The reaction mixture was then diluted 
with 50 mL of water, transferred to a separatory funnel, and extracted 
three times with 20 mL of ethyl acetate.  The combined organic layers 
were then washed three times with 30 mL of saturated sodium chloride 
before being dried over sodium sulfate, filtered, and concentrated.  
Purification by silica gel chromatography (TLC Rf = 0.30 in 95:5 
hexanes:ethyl acetate) gave 0.72 g of the aldehyde as a white solid (88% 
yield).  Characterization data has been previously reported."%" 
 
((10-Bromophenanthren-9-yl)methylene)hydrazone.  
In a 2 dram vial equipped with a Teflon-coated stir bar, 
0.190 g of 10-bromophenanthrene-9-carbaldehyde 
(0.666 mmol) was suspended in 0.150 mL of hydrazine hydrate (3.33 
mmol, 5.0 equiv) and ethanol (1.5 mL, 0.5 M).  The vial was sealed with a 
Teflon-lined screw cap and the mixture was stirred rapidly with heating at 
80 ºC.  After 2 h, the mixture was cooled to 23 °C for 12 of stirring.  The 
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product was then extracted with three 5 mL volumes of CHCl3.  Combined 
extracts were dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to afford 0.197 g of a white solid (99% yield).  This 
material was >98% pure and consisted of a >98:2 E:Z mixture based on 
1H NMR analysis. 
 
9-Bromo-10-(diazomethyl)phenanthrene (5).  Prepared 
as a 0.42 M toluene solution in 81% yield from 0.200 g of 
((10-bromophenanthren-9-yl)methylene)hydrazone (0.668 
mmol) by the known procedure.24a  Used in a reaction with formaldehyde 
immediately after its preparation, otherwise stored cold at –78 °C. 
 
2-(10-Bromophenanthren-9-yl)acetaldehyde (7).  The 
near exclusive product when using the representative 
procedure given above with 0.110 mmol of 5 (0.262 mL of 
a 0.42 M solution in toluene, 1.0 equiv) and 5.4 mg of Sc(OTf)3 (0.011 
mmol, 0.10 equiv).  Purification by silica gel chromatography (TLC Rf = 
0.35 in 9:1 hexanes:ethyl acetate) gave 28.0 mg of the product as a white 
solid in 85% yield (mp = 198 °C).  IR (thin film): 3068 (w), 2923 (w), 2850 
(w), 2723 (w), 1721 (s), 1488 (w), 1445 (w), 753 (s), 720 (m).  1H NMR 
(400 MHz, CDCl3): ! 9.73 (t, J = 1.9 Hz, 1H), 8.65 (dd, J = 8.2, 1.4 Hz, 
1H), 8.62 (d, J = 9.5 Hz, 1H), 8.41 (dd, J = 7.5, 2.1 Hz, 1H), 7.84 (dd, J = 
8.1, 1.0 Hz, 1H), 7.64-7.60 (m, 3H), 7.58-7.53 (m, 1H), 4.52 (d, J = 1.9 Hz, 
! "##!
2H). 13C NMR (100 MHz, CDCl3): ! 198.55, 131.62, 131.32, 30.60, 
130.14, 129.19, 128.03, 128.01, 127.91, 127.39, 127.10, 125.00, 123.62, 
122.85, 49.08.  HRMS (ESI+) Calcd for C16H12BrO
+ [M+H]+: 300.0021; 
Found: 299.9973. 
 
1,3-Bis(10-bromophenanthren-9-yl)propan-2-one 
(6).  Prepared by a general procedure given below 
for the synthesis of dissymmetric ketones from 45.6 
mg of 2-(10-bromophenanthren-9-yl)acetaldehyde (0.152 mmol), 0.168 
mmol of 5 (0.4 mL of a 0.42 M solution in toluene, 1.10 equiv), 8.3 mg of 
Sc(OTf)3 (0.017 mmol, 0.10 equiv), and 1.8 mL of toluene (0.1 M).  
Purification by silica gel chromatography (TLC Rf = 0.35  in 9:1 
hexanes:ethyl acetate) provided 57.8 mg of 6 as a white solid in 67% yield 
(mp = 249 °C). Characterization that follows is in agreement with the 
previously documented spectra."$%  IR (thin film): 3073 (w), 2954 (w), 2923 
(w), 2852 (w), 1712 (s), 1488 (m), 1444 (m), 1333 (w), 1066 (w), 1050 (w), 
901 (w), 749 (s), 718 (s).  1H NMR (400 MHz, CDCl3): ! 8.71 (d, J = 8.2 
Hz, 2H), 8.69 (dd, J = 6.4, 3.1 Hz, 2H), 8.48 (dd, J = 7.6, 2.0 Hz, 2H), 7.83 
(d, J = 8.4 Hz, 2H), 7.71-7.65 (m, 6H), 7.53 (t, J = 8.3 Hz, 2H), 4.73 (s, 
4H).  13C NMR (100 MHz, CDCl3): ! 203.88, 131.69, 131.27, 130.69, 
130.48, 130.06, 129.17, 127.88, 127.81, 127.70, 127.23, 127.09, 125.27, 
123.48, 122.81, 48.78.  HRMS (ESI+) Calcd for C31H21Br2O
+ [M+H]+: 
569.9840; Found: 569.9792. 
! "#$!
 
Diphenyl diazomethane (9).  Prepared as a 0.89 M 
toluene solution in 85% yield from 1.82 g (10.0 mmol) of 
benzophenone by the known procedure.24a  Used in a reaction with 
formaldehyde immediately after its preparation, otherwise stored cold at –
78 °C. 
 
2,2-Diphenylacetaldehyde (11).  The predominant 
product when using the representative procedure given 
above with 0.178 mmol of diphenyl diazomethane (0.200 
mL of a 0.89 M solution, 1.0 equiv) and 8.9 mg of Sc(OTf)3 (0.018 mmol, 
0.10 equiv).  Purification by silica gel chromatography (TLC Rf = 0.30 in 
97.5:2.5 hexanes:ethyl acetate) gave 13.8 mg of the monoinsertion 
carbaldehyde adduct as a colorless oil in 79% yield.  Characterization data 
was previously reported.122 
 
1-Diazo-1,2,3,4-tetrahydronaphthalene (13).  Prepared as a 
0.37 M toluene solution in 80% yield from 55.0 mg (0.343 
mmol) of !-tetralone hydrazone by the known procedure.24a  Used in a 
homologation reaction immediately after its preparation, otherwise stored 
cold at –78 °C. 
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Representative Procedure for the Synthesis of Dissymmetric Ketones: 
 
2,2-Diphenyl-1-(1,2,3,4-tetrahydronaphthalen-1-
yl)ethanone (15).  To a stirring suspension of 38.2 
mg (0.195 mmol) of 2,2-diphenylacetaldehyde and 
9.8 mg of Sc(OTf)3 (0.020 mmol, 0.10 equiv) in 2.0 mL toluene at –78 °C 
was added 0.214 mmol of 1-diazo-1,2,3,4-tetrahydronaphthalene (0.578 
mL of a 0.37 M in solution in toluene, 1.1 equiv). After stirring for 10 min at 
–78 °C, the reaction mixture was diluted with 20 mL of Et2O, poured into a 
separatory funnel, and washed three times with 20 mL of water and once 
with 20 mL of saturated sodium chloride before being dried over sodium 
sulfate, filtered, and concentrated.  Purification by silica gel 
chromatography (TLC Rf = 0.33 in 97.5:2.5 hexanes:ethyl acetate) 
afforded 49.7 mg of 15 as a white solid in 78% yield (mp = 81 °C).  IR (thin 
film): 3059 (m), 3026 (m), 2936 (m), 2867 (w), 1715 (s), 1658 (m), 1598 
(w), 1494 (m), 1448 (m), 1317 (w), 1277 (m), 1075 (w), 1044 (w), 941 (w), 
919 (w), 743 (m), 701 (s), 638 (m).  1H NMR (400 MHz, CDCl3): ! 7.81 
(dd, J = 8.2, 1.1 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 
7.33 (dd, J = 9.1, 5.6 Hz, 2H), 7.28 (d, J = 2.3 Hz, 2H), 7.21 (dd, J = 6.4, 
4.7 Hz, 2H), 7.12 (d, J = 5.7 Hz, 1H), 7.03 (t, J = 7.2 Hz, 1H), 6.72 (d, J = 
7.7 Hz, 1H), 5.35 (s, 1H), 4.06 (t, J = 6.3 Hz, 1H), 2.75 (dd, J = 13.7, 6.9 
Hz, 2H), 2.11-1.93 (m, 2H), 1.77 (dd, J = 74.1, 4.9 Hz, 2H).  13C NMR (100 
! "#"!
MHz, CDCl3): ! 209.41, 139.11, 138.46, 138.12, 137.83, 133.63, 132.63, 
130.28, 129.81, 129.59, 129.28, 129.13, 129.02, 128.65, 128.49, 127.50, 
127.21, 127.11, 125.96, 61.98, 53.24, 29.31, 26.22, 20.64.  HRMS (ESI+) 
Calcd for C24H23O
+ [M+H]+: 327.1748; Found: 327.1774. 
 
(Diazomethylene)dicyclohexane (8).  Prepared as a 0.42 
M toluene solution in 48% yield by following the general 
procedure for the synthesis of aliphatic diazoalkanes with 0.510 g (2.62 
mmol) of dicyclohexylmethanone.  Used in a reaction with formaldehyde 
immediately after its preparation, otherwise stored cold at –78 °C. 
 
2,2-Dicyclohexylacetaldehyde (10).  The near exclusive 
product when the representative procedure given above is 
applied with 1.36 mmol of 8 (3.24 mL of a 0.42 M solution 
in toluene, 1.0 equiv) and 66.9 mg of Sc(OTf)3 (0.136 mmol, 0.10 equiv).  
Purification by silica gel chromatography (TLC Rf = 0.30 in 49:1 
hexanes:ethyl acetate) gave 129 mg of 10 as a colorless oil (91% yield).  
IR (thin film): 2923 (s), 2851 (m), 1721 (m), 1447 (w), 991 (w).  1H NMR 
(400 MHz, CDCl3): ! 9.66 (d, J = 4.6 Hz, 1H), 1.89-1.57 (m, 13H), 1.35-
1.07 (m, 6H), 1.10-0.88 (m, 4H).  13C NMR (100 MHz, CDCl3): ! 207.82, 
63.23, 35.65, 30.20, 26.74, 26.64.  HRMS (ESI+) Calcd for C14H25O
+ 
[M+H]+: 209.1824; Found: 209.1859. 
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1,1-Dicyclohexyl-4-(2,2-dimethyl-1,3-dioxolan-
4-yl)butan-2-one (14).  Prepared by the general 
procedure given above for the synthesis of 
dissymmetric ketones from 25.1 mg of 2,2-
dicyclohexylacetaldehyde (0.120 mmol), 0.132 mmol of 4-(2-diazoethyl)-
2,2-dimethyl-1,3-dioxolane (0.281 mL of a 0.47 M solution in toluene, 1.1 
equiv), 7.1 mg of Sc(tmhd)3 (0.012 mmol, 0.10 equiv), and 1.2 mL of 
toluene (0.1 M).  Purification by silica gel chromatography (TLC Rf = 0.30 
in 97.5:2.5 hexanes:ethyl acetate) afforded 27.5 mg of 14 as a colorless 
oil (68% yield).  IR (thin film): 2920 (s), 2874 (m), 1719 (s), 1420 (w), 1347 
(w), 1237 (w), 1009 (w), 984 (w), 955 (w), 928 (w).  1H NMR (400 MHz, 
CDCl3): ! 4.11-4.09 (m, 1H), 3.64 (dd, J = 8.3, 6.0, 1 H), 3.58 (dd, J = 8.3, 
6.7, 1H), 2.53-2.66 (m, 2H), 2.38-2.35 (m, 1H), 1.89-1.59 (m, 14H), 1.42 
(s, 3H), 1.37 (s, 3H) 1.35-1.07 (m, 6H), 1.12-0.90 (m, 4H).  13C NMR (100 
MHz, CDCl3): ! 208.32, 108.81, 69.34, 63.23, 39.79, 35.58, 30.20, 29.91, 
27.64, 26.90, 26.74, 26.64, 25.80.  HRMS (ESI+) Calcd for C14H25O
+ 
[M+H]+: 337.2588; Found: 337.2579. 
 
(S)-Methyl 1-benzylpyrrolidine-2-carboxylate.  Prepared 
according to a previously disclosed method123 in which 
acetylchloride (9.26 mL, 130 mmol) was added dropwise with stirring to a 
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0 °C solution of (S)-proline (5.00 g, 43.4 mmol) in methanol (80 mL).  After 
the addition, the ice bath was removed and the stirring was continued for 
15 h at 23 °C.  Volatile organics were then removed under reduced 
pressure and the residual oil was redissolved in dry acetonitrile (70 mL). 
Triethylamine (18.0 mL, 130 mmol) and benzyl bromide (6.20 mL, 52.1 
mmol, 1.2 equiv) was added to give a white suspension.  After 12 h of 
stirring at 23 °C, the acetonitrile was evaporated and the residue was 
partitioned between saturated ammonium chloride (200 mL) and Et2O 
(200 mL).  The phases were separated and the aqueous layer was 
washed twice with 40 mL of Et2O.  The pooled organic layers were 
washed with equal volumes of water and saturated sodium chloride, dried 
over magnesium sulfate, and concentrated.  Purification by silica gel 
chromatography (TLC Rf = 0.30 in 92:8 hexanes:ethyl acetate) gave 6.37 
g of a colorless oil (69% yield).  Spectroscopic data was in full agreement 
with the previously reported values.124 
 
(S)-(1-Benzylpyrrolidin-2-yl)methanol (27).  To a solution of 
lithium aluminum hydride (0.570 g, 15.1 mmol, 1.1 equiv) in THF 
(10 mL) at 0 °C was added (S)-methyl 1-benzylpyrrolidine-2-carboxylate 
(3.00 g, 13.7 mmol, 1.00 equiv) in THF (25 mL) dropwise with rapid 
stirring.  The reaction mixture was warmed slowly to 23 °C and stirred for 
6 h.  The mixture was then diluted with 15 mL of Et2O, transferred to a 
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separatory funnel, and washed with 50 mL volumes of saturated 
ammonium chloride and saturated sodium chloride.  Before being 
discarded, the pooled aqueous washes were back-extracted extracted 
with 50 mL of Et2O.  The combined organic layers were dried over sodium 
sulfate, filtered, and concentrated to afford 2.46 g of a colorless oil (12.9 
mmol, 94% yield) whose spectral data matched that reported in the 
literature125 and was used without further purification. 
 
(S)-1-Benzylpyrrolidine-2-carbaldehyde.  Prepared by the 
known procedure126 by adding a DCM solution (11 mL, 1.5 M) 
of (COCl)2 (1.445 mL, 16.56 mmol, 1.51 equiv) dropwise to a stirring –78 
°C solution of DMSO (2.18 mL, 32.90 mmol, 3.00 equiv) in methylene 
chloride (22 mL, 1.5 M).  Stirring was continued at this temperature for 45 
min, then a methylene chloride (18 mL, 0.5 M) solution of (S)-(1-
benzylpyrrolidin-2-yl)methanol (2 mL, 10.97 mmol, 1.00 equiv) was added 
slowly over 10 min.  This mixture was stirred for 20 min at –78 °C, then 
triethylamine (6.16 mL, 43.87 mmol, 4.00 equiv) was added and the 
reaction was warmed to 0 °C and stirred for 2h.  The reaction was then 
transferred to a seperatory funnel for DCM extraction with water, NaHCO3 
saturated sol. and brine washes.  The organic layers were combined and 
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dried with Na2SO4, filtered and the volatile organics were then removed 
under reduced pressure to afford 1.89 g of a colorless oil (9.98 mmol, 
91%), which was used without further purification. 
 
(S)-1-Benzyl-2-((2-triisopropylsilyl) hydrazono) methyl) 
pyrrolidine.  Prepared by the known procedure for aliphatic 
triisopropylhydrazone synthesis2a by slow addition of triisopropylhydrazine 
(0.78 g, 4.19 mmol, 1.50 equiv) to a 0 °C solution of (S)-1-
benzylpyrrolidine-2-carbaldehyde (0.53 g, 2.79 mmol, 1.00 equiv) in THF 
(4.0 mL, 0.7 M) with extensively flame-dried 4 Å molecular sieves (0.53 g, 
1:1 w/w) while rapidly stirring.  This was brought to ambient temperature 
and allowed to stir under an argon atmosphere for 36 h.  Then the reaction 
medium was filtered through a cotton plug and the product was isolated 
upon removal of volatile organics under reduced pressure.  The clear oil 
(1.00 g, >99%) was used immediately without further purification. 
 
(S)-1-Benzyl-2-(diazomethyl)pyrrolidine (28).  Swern: To a 
THF solution (4 mL, 0.04 M) of (S,E)-1-benzyl-2-((2-
triisopropylsilyl)hydrazono)methyl)pyrrolidine (0.055 g, 0.154 mmol, 1.00 
equiv) was added a 1 M solution of TBAF (0.15 mL, 0.155 mmol, 1.01 
equiv) at 0 °C with rapid stirring.  After 10 min of stirring at 0 °C, the THF 
was removed under reduced pressure.  Prior to the preparation of the 
deprotected hydrazone, a  methylene chloride solution (0.155 mL, 1.5 M) 
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of (COCl)2 (0.021 mL, 0.232 mmol, 1.51 equiv) dropwise to a stirring –78 
°C solution of DMSO (0.031 mL, 0.462 mmol, 3.00 equiv) in methylene 
chloride (0.3 mL, 1.5 M).  Stirring was continued at this temperature for 45 
min, then a methylene chloride (0.3 mL, 0.5 M) solution of the freshly 
prepared free hydrazone was added slowly over 10 min.  This mixture was 
stirred for 20 min at –78 °C, then triethylamine (6.16 mL, 43.87 mmol, 4.00 
equiv) was added and the reaction was warmed to 0 °C and stirred for 30 
min.  The reaction was then transferred to a seperatory funnel for 
methylene chloride extraction with water, NaHCO3 saturated sol. and brine 
washes.  The organic layers were combined and dried with Na2SO4, 
filtered and the volatile organics were then removed under reduced 
pressure to leave a yellow oil that was redissolved in toluene (1 mL).  An 
aliquot (0.100 mL) of this diazo solution was taken into an esterification 
reaction as previously described determine the active titer (33% yield). 
Note:  (S)-1-Benzyl-2-(diazomethyl)pyrrolidine (26) could also be prepared 
reliably (32-36% yield) according to the general procedure for the 
synthesis of aliphatic diazoalkanes with Pb(OAc)4. The diazoalkane was 
used in reaction with formaldehyde immediately following the preparation 
of a concentrated solution in toluene and titration with 2-fluorobenzoic 
acid. 
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(S)-(1-Benzylpyrrolidin-2-yl)methyl 2-fluorobenzoate 
(29).  To obtain appreciable amounts of the desired 
benzoate, the esterification reaction was conducted as follows.  Thus, 400 
!L of the 0.45 M diazoalkane stock solution (0.18 mmol, 1.00 equiv) is 
added to a 2-fluorobenzoic acid (25.2 mg, 0.18 mmol, 1.0 equiv) solution 
in Et2O (0.50 mL, 0.36 M) at –45 °C dropwise by syringe.  Upon slow 
warming from –45 °C, the reaction mixture became colorless and nitrogen 
evolution was observed.  The solvent is then removed under reduced 
pressure and the crude product is further purified by silica gel column 
chromatography (TLC Rf = 0.30  in 95:5 hexanes:ethyl acetate) affording 
the ketone product as a viscous, colorless oil (56 mg, 99%, 99% ee).  [!] 
23
D = –59.6 (c = 0.80 g • cm
-3, in CHCl3)  IR (thin film): 2950 (m), 2843 (w), 
2779 (m), 1712 (s), 1612 (m), 1488 (m), 1454 (m), 1293 (s), 1247 (s), 
1228 (m), 1157 (m), 1124 (m), 1081 (s), 1033 (s), 967 (w), 754 (s), 691 
(w), 655 (w). 1H NMR (400 MHz, CDCl3): " = 7.98 (td, J = 7.6, 1.8, 1H), 
7.55-7.49 (m, 1H), 7.38 (d, J = 7.0, 2H), 7.33 (t, J = 7.3, 2H), 7.26 (t, J = 
7.3, 1H), 7.21 (td, J = 7.7, 1.1, 1H), 7.15 (ddd, J = 10.7, 8.4, 1.0, 1H), 4.37 
(qd, J = 11.0, 5.7, 2H), 4.21 (d, J = 13.1, 1H), 3.49 (d, J = 13.1, 1H), 3.06-
2.94 (m, 2H), 2.32 (ddd, J = 9.1, 6.0, 2.3, 1H), 2.12-2.01 (m, 1H), 1.87-(m, 
3H)  13C NMR (100 MHz, CDCl3): 
" = 164.42, 164.39, 163.01, 160.94, 139.68, 134.44, 134.37, 132.15, 
132.14, 128.83, 128.21, 126.86, 123.96, 123.93, 118.97, 118.90, 117.08, 
! "#$!
116.90, 68.02, 61.98, 59.49, 54.49, 28.65, 23.03.    HRMS (ESI+) Calcd 
for C19H21FNO2
+ [M+H]+: 314.1568; Found 314.1556. 
 
 Racemic 29:            Enantioenriched 29: 
 
 
 
1,3-Bis((S)-1-benzylpyrrolidin-2-yl)propan-2-one.  
Prepared according to the general procedure for 
bidirectional synthesis of ketones.  Purified by SiO2 column 
chromatography (TLC Rf = 0.30  in 70:30 hexanes:ethyl acetate) affording 
a colorless oil (31 mg, 58%, 98% ee).  [!] D
23 = –35.2 (c = 1.53 g • cm-3, in 
CHCl3)IR (thin film): 3086 (m), 3058 (w), 3027 (m), 2966 (m), 2872 (m), 
1711 (s), 1601 (m), 1495 (m), 1444 (m), 1370 (w), 1317 (w), 1262 (w), 
1221 (w), 1167 (m), 1078 (m), 1043 (w), 1029 (m), 908 (w), 807 (w), 718 
(w), 697 (s), 615 (m).  1H NMR (400 MHz, CDCl3): " 7.39-7.28 (m, 10H), 
3.90 (d, J = 13.1, 2H), 3.47 (d, J = 13.1, 2H), 3.01 (dd, J = 8.8, 7.4, 2H), 
2.88-2.80 (m, 2H), 2.48-2.36 (m, 4H), 2.36-2.25 (m, 2H), 2.17-2.04 (m, 
! "##!
2H), 1.92-1.80 (m, 2H), 1.80-1.68 (m, 4H).  13C NMR (100 MHz, CDCl3): 
! 209.52, 138.12, 129.20, 128.46, 127.33, 62.91, 61.51,  
56.36, 53.03, 35.10, 25.04.  HRMS (ESI+) Calcd for C25H33 N2O
+ [M+H]+: 
377.2612; Found 377.2593. 
 
Racemic: N-benzylcuscohygrine   Enantioenriched: N-benzylcuscohygrine 
from (S)-proline: 
            
 
(")-Dihydrocuscohygrine (1).  To a solution of Pd/C 
(10% w/w) in methanol (1 mL) was added the crude 
1,3-bis((S)-1-benzylpyrrolidin-2-yl)propan-2-one  (0.156 mmol theoretical) 
in dry methanol (2.6 mL, 0.06M based on theoretical) via cannula under 
argon atmosphere.  The reaction vial was then purged with hydrogen gas 
and the 1 atm environment was maintained for 16 h at ambient 
temperature.  The reaction mixture was then filtered through a pad of 
neutral alumina under argon atmosphere using standard Schlenk 
techniques.  The crude product in methanol was then added dropwise to a 
flame-dried 5 mL round-bottom flask that contained a stirring solution of 30 
! "##!
µL formic acid (0.0.78 mmol, 5 equiv) in a 37% formaldehyde solution 
(0.23 mL, 20 equiv) at ambient temperature.  This light yellow reaction 
mixture was then heated at 80 °C for 6 h and then recooled to RT for 
extraction into cold CHCl3 and the organic layer was washed with a cold 
1N NaOH solution (3x), the organic layer was separated and dried with 
Na2SO4, filtered and the solvent was removed to leave a yellow oil, which 
was further purified with silica gel chromatography (TLC Rf = 0.38 in 5:4:1 
hexanes/DCM/Et2NH) to give the product alcohol as a colorless oil that 
rapidly yellows upon RT standing (7.6 mg, 0.034 mmol, 43% yield over 
three steps). [!] 23D = –102 (c = 0.76 g • cm
-3, acetone)  IR (thin film): 3254 
(m,b), 2937 (s), 2839 (m), 2781 (s), 1658 (w), 1547 (w), 1543 (s), 1370 
(m), 1352 (w), 1289 (w), 1209 (m), 1110 (m), 1037 (s), 957 (w), 901 (m), 
827 (m), 745 (w), 700 (w), 575 (w), 459 (w). 1H NMR (400 MHz, CDCl3): 
" = 4.12-4.03 (m, 1H), 3.07 (t, J = 7.8, 2H), 2.41-2.36 (m, 2H), 2.35 (s, 
6H), 2.14 (td, J = 9.4, 7.7, 2H), 2.00-1.89 (m, 2H), 1.83-1.76 (m, 2H), 1.75-
1.65 (m, 4H), 1.63-1.57 (m, 4H). 13C NMR (100 MHz, CDCl3): 
" = 67.42, 64.49, 57.33, 41.00, 39.35, 30.27, 23.12 HRMS (ESI+) Calcd 
for C13H27N2O
+ [M+H]+: 227.2112; Found 227.2123. Enantiomeric purity 
was determined by chiral GLC analysis in comparison with authentic 
racemic material (99:1 e.r. sample below; CDBDM column, 15 psi, 120 
°C). 
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 (±)-Cuscohygrine (2).  Following the procedure of 
Stapper and Blechert,$$# to a stirring solution of 1,3-
bis((S)-1-methylpyrrolidin-2-yl)propan-2-ol 29 (7 mg, 0.031 mmol, 1 equiv) 
in acetone (0.2 mL, 0.15 M) at 0 °C was added freshly prepared Jones’ 
reagent (0.034 mL, 0.062 mmol, 2.0 equiv).  The reaction mixture was 
then stirred for 1 h at the temperature. Then an ice-cold solution of 
saturated NaHCO3 was added in equal volume to the reaction vessel to 
quench, followed by a cold extraction with chloroform and a –20 °C 
solution of 30 % KOH to wash the organic layer.  The chloroform layer 
was then separated, dried with Na2SO4, filtered and the solvent was 
removed to leave a yellow oil, which was further purified (TLC Rf = 0.26 in 
5:4:1 hexanes/DCM/Et2NH) to give the product 30 as a colorless oil (5.6 
mg, 0.025 mmol, 81%).  The racemic material, which undergoes the 
known epimerization mechanism$$$ was immediately characterized.$"%  IR 
(thin film): 3386 (m), 2924 (s), 2853 (m), 2780 (m), 1712 (s), 1456 (m), 
1375 (m) 1210 (w), 1115 (w), 1031 (w), 966 (w), 906 (w). 1H NMR (400 
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MHz, CDCl3): ! = 3.13-3.04 (m, 2H), 2.88-2.79 (m, 2H), 2.68-2.43 (m, 4H), 
2.33 (s, 6H), 2.27-2.18 (m, 2H), 2.16-2.01 (m, 2H), 1.86-1.66 (m, 4H), 
1.50-1.37 (m, 2H). 13C NMR (100 MHz, CDCl3): 
! = 208.67, 208.58, 61.99, 61.91, 56.82, 48.20, 48.12, 40.60, 40.57, 31.38
, 22.22 HRMS (ESI+) Calcd for C13H25N2O
+ [M+H]+: 225.1959; Found 
225.1967. 
 
(S)-1-Methylpyrrolidine-2-carbaldehyde (25).  Prepared 
according to the known procedure by adding (COCl)2 (0.179 
mL, 2.05 mmol, 1.025 equiv) dropwise to a stirring   –78 °C solution of 
DMSO (0.150 mL, 2.11 mmol, 1.055 equiv) in methylene chloride (3 mL, 
0.70 M).  Stirring was continued at this temperature for 20 min, then at –50 
°C a methylene chloride (1 mL, 2.0 M) solution of (S)-(1-methylpyrrolidin-
2-yl)methanol127 (230 mg, 2.00 mmol, 1.00 equiv) was added dropwise 
down the sidewalls of the reaction vessel.  This mixture was stirred for 30 
min at –50 °C, then the cooling bath was changed to –78 °C for the 
triethylamine (0.307 mL, 2.20 mmol, 1.10 equiv) addition to the center of 
the reaction solution, and the reaction was warmed to –60 °C and stirred 
for 30 min.  Pentane was then added to the reaction mixture for 10 min of 
stirring, then the septa was removed for Celite filtration with multiple 
pentane rinses the volatile organics were then removed under reduced 
pressure to afford 0.196 g of a colorless oil (1.73 mmol, 86%), which was 
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kept under nitrogen atmosphere at all times and used without further 
purification. 
 
(S)-1-Methyl-2-((2-triisopropylsilyl)hydrazono)methyl) 
pyrrolidine. Prepared according to the known procedure for 
aliphatic triisopropylhydrazone synthesis2a by slow addition of 
triisopropylhydrazine (0.489 g, 2.59 mmol, 1.50 equiv) to a 0 °C solution of 
(S)-1-methylpyrrolidine-2-carbaldehyde (0.196 g, 1.73 mmol, 1.00 equiv) 
in THF (3.5 mL, 0.5 M) with extensively flame-dried 4 Å molecular sieves 
(0.20 g, 1:1 w/w) while rapidly stirring.  This was brought to ambient 
temperature and allowed to stir under an argon atmosphere for 36 h.  
Then the reaction medium was filtered through a cotton plug and the 
product was isolated upon removal of volatile organics under reduced 
pressure.  The light yellow oil (0.485 g, 99%) was used immediately 
without further purification. 
 
(S)-1-Methyl-2-(diazomethyl)pyrrolidine (3).  Prepared as a 
0.21 M solution in toluene (23% yield) by the general 
procedure for the synthesis of aliphatic diazoalkanes using 0.485 g of 
(S,E)-1-methyl-2-((2-triisopropylsilyl)hydrazono)methyl)pyrrolidine (2.05 
mmol). Used in the homologation reaction with formaldehyde immediately 
following the preparation of a concentrated solution in toluene and 
titration. 
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(±)-Cuscohygrine (2).  Prepared according to the 
general procedure for bidirectional synthesis of ketones 
using 2 mL of (S)-1-Methyl-2-(diazomethyl)pyrrolidine  (0.410 mmol, 0.33 
M, 1.00 equiv) and 19.6 mg Sc(OTf)3 (0.041 mmol, 0.10 equiv).  Purified 
by neutral alumnia column chromatography (TLC Rf = 0.31 in 5:4:3 
hexanes/DCM/Et3N) affording a colorless oil in 18% yield (8.3 mg).  
Characterization data is documented above and has been previously 
described.%%#,%"& 
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Chapter 3. The Platinum-Catalyzed Geminal Diboration of 
Diazoalkanes: Access to Boronic Ester-Stabilized 
Carbanions.   
 
3.1  Introduction and Background 
Chapters 1 and 2 of this thesis can attest to the fact that our group 
is experienced in the preparation and handling of substituted 
diazomethane nucleophiles.  As our research has progressed, we have 
grown curious about electrophiles other than aldehydes or ketones and 
opportunities for new reactivity.  Current research efforts in the organic 
division at Boston College reflect our community’s need to access 
synthons that are diverse and modular for the planning and execution of 
target-oriented syntheses.128  Amongst the most enabling synthetic 
scaffolds stands the carbon-boron bond as a key effector in the 
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diversification of carbon connectivity.129  Interest in preparing these 
valuable organoborons by catalytic, enantioselective approaches can be 
seen in many current research efforts.130  In particular, work 
encompassing nucleophilic attack of a carbenoid (donor/acceptor) reagent 
onto a suitable electrophilic boron atom has been significant (Scheme 1).   
 
Matteson and coworkers pioneered the now frequently used 
method of combining highly reactive lithium halomethane reagents with 
organoborane electrophiles as a tool for dependable, stereodirected 
synthesis.131  These protocols constitute a reliable, stereoretentive 
functionalization that can be applied following enantioselective 
hydroborations or other organoboron installations.  Additional variations on 
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the original theme include the merger of sulfur-based ylides with 
trialkylboranes, wherein the sulfur reagent often bears a chiral auxiliary.132  
Blakemore has shown that lithiation or magnesation of enantiomerically 
pure !-chloro sulfoxides can also offer similar utility as lithiated 
halomethanes in the addition/1,2-rearrangement reaction with boronic 
esters.133  Aggarwal has also made an excellent contribution in the context 
of stereocontrol with the use of lithiated, enantiomerically pure, secondary 
carbamates as the nucleophile with either trialkylboranes or boronic 
esters.  As shown in Scheme 2, the use of different organoboron 
electrophiles dictates the outcome of the tetrahedral borate migration 
event.   
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The observed divergent reactivity with different boron species is 
rationalized by the directing effect of the oxygen lone pair on the boronic 
ester to the lithiated carbamate.  As illustrated in Figure 1, with the use of 
non-Lewis basic trialkylborane reagents, the anion, which has a partially 
planarized geometry, can now approach the vacant p-orbital of boron from 
the less hindered face, assuming the reactive conformation is the most 
populated (i.e. most energetically favorable).  
 
3.1.a  The Hooz Reaction: Use of Carbonyl-Stabilized Diazo 
Compounds in Organoboron Homologation.  
Literature precedent concerning electrophilicity at the vacant 
p-orbital of boron using diazo compounds has, for the most part, been 
limited to carbonyl-stabilized diazoalkanes.  As illustrated in Scheme 3, 
Hooz et al. have extensively studied this reaction as well as the products’ 
subsequent utility.134  Initially, their research demonstrated that efficient 
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reaction is limited to trialkylboranes because of their greater electrophilicity 
relative to boronic acids or esters (Scheme 3).  As illustrated, after 
exhaustive hydroboration to generate the saturated electrophile, 
nucleophilic attack by ethyl diazoacetate forms the betaine intermediate.  
The tetrahedral boronate species then decomposes by migration of a 
carbon-boron sigma bond to displace dinitrogen, which is an excellent, 
irreversible nucleofuge. The resulting !-borylcarbonyl compound can then 
be translated into a range of useful functionality (Scheme 3).  
 
Modern examples of this reactivity have appeared in the 
literature135 and further encouraged our research into the use of non-
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stabilized diazoalkanes as nucleophiles towards boron electrophiles 
(Scheme 4). 
 
  
3.1.b  Initial Inspiration Towards an Enantioselective Hooz Reaction 
with Non-Stabilized Diazoalkanes.   
 Among the different methods capable of forging chiral, 
enantiomerically enriched organoboron species via catalyst control136, 
hydroboration with a chiral pool-derived borane continues to be the most 
general and widely used.137  Our vision was to introduce a readily 
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accessible source of asymmetry onto the boron reagent to allow for 
diastereofacial selection during approach of the diazoalkane (Scheme 5).  
Assuming complete stereospecificity in the migration step, and barring any 
equilibrating pathway that could potentially erode the stereocenter, 
enantioenriched products would result.  Given the fact that stereoretentive 
derivatizations of the C–B bond in the products is a routine operation,138 
we judged that the enantioselectivity imparted by various chiral controllers 
of boron could be evaluated quickly and effectively (Scheme 5).   
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3.1.c  Initial Studies on the Asymmetric Hooz Reaction.  
Our investigation commenced with the preparation of the 
phenylboronic ester derived from the condensation of the commercially 
available C2–symmetric diol, (R,R)-(+)-hydrobenzoin with phenylboronic 
acid.139  As illustrated in Scheme 6, we planned to engage this potential 
electrophile with para-tolyldiazomethane to afford an enantiomerically 
enriched diarylmethanol. This type of product would be difficult to access 
through the currently available protocols for asymmetric reduction due to 
the steric and electronic similarity of the two aryl rings (i.e. CBS 
reduction).140  Additionally, if the reaction conditions could be optimized to 
high levels of enantiopurity, the product could be taken on to the 
physiologically active diarylmethane product, (R)-neobenodine (Scheme 
6).141  
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Upon initial investigations into reactivity and selectivity of the 
process, we obtain measurable enantioselectivities and a reasonable yield 
of product (Scheme 6).  Attempts to increase reactivity by the addition of a 
Lewis acid (for coordination to a boronic ester oxygen lone pair) were 
made in the hopes that the reaction would proceed at lower tempurature 
and allow for higher selectivity.142  Through the potential Lewis acid 
coordination of the lone pair on oxygen of the boronic ester, the donation 
of that oxygen lone pair into the vacant p-orbital will be attenuated, 
thereby increasing the electrophilic character of the boron atom and 
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increasing reactivity.  Entry 1 and 2 of Table 1 show diminished product 
yield which is presumably due to the decreased diazoalkane survival at 
0 ºC.   A screen of Lewis acids143 in entries 5–15 illustrates the absence of 
boronic ester activation towards increasing productive reagent union or 
selectivity. 
 
The modest nature of these data, in combination with the fact that 
more exciting results in a related arena were forthcoming (see below), led 
us to postpone further optimization of this system (such as ideas toward 
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alternating the diol ligand144,145).  Although we did foresee potential 
applications in the synthesis of other biologically active molecules146 with 
alternative carbon-boron bond derivatizations (Scheme 6), we decided to 
reexamine our choice of electrophile.   
As mentioned previously, the use of boronic esters would benefit 
our method since the esters possess superior stability relative to 
trialkylborane reagents and are more compatible with diazoalkane 
reagents in comparison to Brønsted acidic boronic acids.  Unfortunately, 
the stability of boronic esters comes at a cost to reactivity due to the 
aforementioned reduction in Lewis acidity (Scheme 3).  Previous research 
has shown the futility of using trialkylboranes, since competition among 
the available migration pathways in betaine borate intermediates can lead 
to multiple products.  With three Calkyl-B bonds possessing a nearly 
equivalent migratory preference, the product distribution would be far from 
ideal in a proposed methodology based on diazoalkane nucleophiles, such 
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as in the potential use of a diisopinocampheylboron platform (Ipc2BR)147 
or an analogy to the C2-symmetric, 2,5-dimethylborolane reagent 
developed by Masamune.148  After analysis of boron derivatives that could 
be used in the proposed reaction, one class of boron reagents remained 
to be tested – diboron reagents.  
3.1.d  Investigations into the Reaction of Diazoalkanes with Diboron 
Reagents: Literature Precedent  
Reactivity of commercially available diboron reagents, 
bis(catecholato)diboron (B2cat2) and bis(pinacolato)diboron (B2pin2), has 
been studied by Wang and coworkers by engaging ethyldiazoacetate in 
reaction with boroxines (Scheme 4). Recent reports from Hoveyda and 
coworkers demonstrate the reactivity of B2pin2 with N-heterocyclic 
carbenes (NHC) in the absences of metal catalyst.149  Therefore, we were 
uncertain as to whether or not a transition metal catalyst was required to 
activate the vacant boron p-orbital in the diboron reagent.  They propose 
Lewis basic activation of B2pin2 for Michael-type addition by a catalytic 
amount of a chiral NHC.  Whereas there is no leaving group attached to 
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the carbene carbon in the NHC catalyst, the diazoalkane, with its excellent 
dinitrogen nucleofuge, may undergo similar reversible Lewis base  
addition to the boron atom in B2pin2 forming the borate complex, followed 
by 1,2-migration of the B–B bond through an antiperiplanar geometry to 
the dinitrogen leaving group (Scheme 7).  
 
Literature investigations returned reports from Srebnik and 
coworkers using non-stabilized diazoalkanes in reaction with B2pin2 that 
demonstrated the need for a metal catalyst to alter the electronic character 
of the boron atom in order to facilitate reaction with diazomethane  
! "#$!
(Scheme 8).150  Upon oxidative addition of 
tetrakis(triphenylphosphine)platinum catalyst into the B–B bond, the 
electron density on boron is pulled toward the more electronegative 
platinum nucleus thereby enabling favorable reaction with the presumed 
platinum carbenoid from the diazoalkane nucleophile.150,152  
 
3.1.e Preliminary Studies of the Pt-Catalyzed Geminal Diboration of 
Diazomethane.  
Mechanistic detail has been initially aided by control experiments 
that support the need for platinum catalysis.  Upon attempted reaction of 
diazomethane in the absence of metal catalyst, no productive conversion 
was observed. Furthermore, in absence of the platinum catalyst, no 
reaction was observed for ethyldiazoacetate.  To support the platinum-
boron complex (highlighted box, Scheme 8), isolation of the platinum 
tetrakis(triphenylphosphene) complex after insertion into the B–B bond of 
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B2pin2 has been reported with x-ray crystallography.
151  Additionally, 
platinum-catalyzed addition of diazomethane into a 
tetrakis(dialkylamino)diboron reagent failed in multiple trials with different 
N-alkyl substitutions, presumably due to higher Nlp ! B!* FMO 
contributions.  While this data supports of non-Hooz mechanism, 
additional experimentation is needed to conclusively determine the 
mechanistic sequence. 
3.1.f  Previous Scope in the Pt-Catalyzed Geminal Diboration of 
Diazoalkanes.  
Srebnik and coworkers demonstrate the use of 1,1-diborylmethane 
in Michael additions to ",#-unsaturated ketones.  Our desire is to use the 
reactivity of our diverse range of non-stabilized diazoalkanes synthesize 
gem-disubstituted diboronic esters and effeciently convert them to other 
important functional groups. The Srebnik communication disclosing a 
formal methylene insertion into B2pin2 represents the only method of using 
non-stabilized diazoalkanes to achieve this transformation. The standard 
method employed for this desired goal is typically the use of 
lithiumchloromethane, by a Matteson homologation sequence.  Srebnik 
and coworkers have communicated the synthesis of four other gem-
diboronic esters products to publish their novel structures with 
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crystallography studies (Figure 2).152  The narrow substrate scope is 
potentially due to perceived hazards in non-stabilized diazoalkane 
synthesis. 
 
While reaction of diazomethane is conducted at 0 ºC with the 
prescribed method, more sterically hindered examples, shown in Figure 2, 
are constructed under relatively harsh reaction conditions, refluxing 
toluene for 12 hours.  Our experience has shown us the remarkable 
stability of aryl-substituted diazomethanes and therefore we were unsure 
of high temperatures as a requirement for reactivity.  Before commencing 
studies of Pt-catalyzed insertion of our diverse selection of diazoalkanes 
into B2pin2, we wanted to acquire an understanding regarding reactivity of 
diazoalkanes with transition metal catalysts. 
3.1.g  Relevant Metal-Catalyzed Reactions of !-Diazocarbonyl 
Compounds.  
The use of diazoalkanes as entry into their metal carbenoid 
chemistries is extensive.153 We were interested into the mechanism of 
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platinum-catalyzed carbenoid formation from diazoalkanes and a literature 
survey finds that palladium metal more often serves as a catalyst in the 
coupling of boron-based reagents and diazoalkanes.154 In order to 
understand the development of these current methods, we wanted to 
familiarize ourselves with the research background of these authors’ 
works into metal-catalyzed diazoalkane insertion reactions.    
Reports by Van Vranken and coworkers have utilized the presumed 
formation of a palladium carbenoid from trimethylsilyldiazomethane 
(TMSD) in the presence of soft carbon nucleophiles, such as malonate 
esters, or secondary amines, to intercept !–allyl palladium intermediates 
(Scheme 9).155   
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These authors perturb the donor-acceptor properties of the 
diazoalkane functionality in TMSD by engaging it as a palladium carbenoid 
in order for the carbenoid carbon to behave in analogy carbon monoxide 
via palladium(0)-catalyzed carbonylative coupling reaction.156 
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Alternatively, Chen and Wang have communicated the successful merging 
of a !-allyl palladium intermediate and "-diazocarbonyl compounds to 
access conjugated dienyl carbonyl compounds invoking the 
mechanistically plausible carbenoid intermediate.157 The evolution of their 
research became a combination of two methods in which the carbenoid 
derived from "-diazocarbonyl compounds is cabonylated to form ketene 
intermediates presumably through carbon monoxide ligand migration,158 
which is a mechanistic analogy to metal-catalyzed carbonylative coupling 
reactions.156   
Shown in Scheme 10, palladium-catalyzed coupling of 
ethyldiazoacetate (EDA) with aryl- or vinyl-iodides is productively 
combined in the presence of carbon monoxide atmosphere to amazingly 
retain the diazo functionality, without formation of the palladium carbenoid, 
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and delivers !-keto "-diazocarbonyl compounds.159  This work proves the 
efficient nucleophilic use of diazoalkanes in palladium-catalyzed coupling 
reactions under basic conditions, although the authors refrain from 
comment regarding the mechanistic fate of the ethyldiazoacetate anion.  
Select plausible mechanistic pathways are shown in Scheme 10.   
 
After presumed deprotonation with an amine base, the diazo compound 
possesses sufficiently localized carbanionic character and thus 
demonstrates that carbonyl-stabilized diazoalkanes are compatible 
nucleophiles.   
Separate from this unique demonstration of palladium-catalyzed 
derivatization of ethyldiazoacetate, the use of a boron-transition metal 
bond, which is catalytically generated, has not been extensively 
investigated.  Limited research towards metal-catalyzed coupling of 
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boronic acids and boroxine derivatives with stabilized diazoalkanes relies 
on their conversion to carbenoid equivalents in order to insert into the 
carbon-boron bond.160   These results further encouraged us to extend the 
limited scope of the Srebnik method by employing our diverse scope of 
the generally more nucleophilic, non-stabilized diazoalkanes in our 
planned metal-catalyzed process (Scheme 8 and Figure 2).   
3.1.j Previous Synthetic Methods to Access Geminal 
Diborylalkanes.  
We wanted to be aware of the previously developed methodology 
to access monosubstituted geminal diborylmethanes before entering into 
active research toward the diversification of the known disubstituted, 
geminal diborylmethanes via our expanded non-stabilized diazoalkane 
scope (Figure 2).   The most common protocol to access these 
trisubstituted variants is through double hydroboration reaction of terminal 
alkynes (Scheme 11).   
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As illustrated in Scheme 11, use of an excess of borane with a 
terminal alkyne yields 1,1-diborane intermediates where upon direct 
oxidation the sole product is the primary alcohol due to the rate of 
proteodeborylation outcompeting the rate of a second oxidation that would 
form the primary hydrate.161  However, if the aldehyde product is desired, 
the geminal diborane must first undergo hydrolysis to the boronic acid and 
then introduction of peroxide will yield the carbonyl oxidation state.  It was 
later discovered that use of the sterically bulky borane, 9-
borabicyclo(3.3.1)nonane (9-BBN),162 in the double hydroboration event 
will deliver the aldehyde product following direct peroxide oxidation of the 
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9-(BBN) dihydroboration product (Scheme 11).163 Alternatively, the 
desired production of geminally substituted diboronic esters can be 
achieved as a mixture using a reductive coupling of 
(pinacolato)boratamethylene iodide (Scheme 12),150 which is generated 
from simple substitution and alkylative trap of the nucleofuge.164 
 
Synthesis of 1,1-diborylated cyclopropanes is achieved following a 
similar mechanistic pathway as the previous example (Scheme 12) with 
metal-halogen exchange that enables nucleophilic reactivity on a diboron 
reagent, similar to the original Hooz-Matteson work.165  Very few variations 
from these reports exist to synthesize the desired gem-diboryl products, 
with dihydroboration predominating.166  Due to this frequency for 
employing hydroboration protocols there are a limited number of reports 
that attempt to obtain disubstituted gem-diboryl compounds as the 
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targeted product.165  This stems from a limitation of the dihydroboration 
method – it only tolerates the use of terminal alkynes.  The 
dihydroboration methods that do report the synthesis of disubstituted gem-
diboryl products are accounting for presence as byproducts.167 
 
3.2 Access to Novel Disubstituted  gem-Diborylalkanes  
Initially envisioning the Hooz reaction as a protocol to efficiently 
access tertiary alcohols, tertiary amines, and/or all-carbon quaternary 
centers was found to be unsuccessful due the requirement of catalyst 
activation of the diboron reagent.  This limited reactivity of boronic esters 
in the original Hooz process motivated us to address the scope of 
diazoalkane compatibility with platinum-catalyzed insertion into diboron 
reagents.  However, the discovery of the platinum-catalyzed method now 
serves as a conduit to the same highly substituted products.  We were 
now aware of a gap in chemical space that we could potentially fill 
stemming from our experience in non-stabilized, disubstituted diazoalkane 
synthesis. We wanted to not only efficiently synthesize a range of 
disubstituted gem-diboryl compounds, but also use this unique chemical 
moiety towards our original goal of accessing important functional groups 
in organic chemistry.  Literature investigations immediately revealed a 
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wide range of minimally developed chemical transformations of the 
gem-diboryl functional group. 
In addition to the common oxidation of the carbon-boron bond, 
Morken and others have reported the use of a Matteson homologation 
with LiCH2Cl to precede the oxidation event for the synthesis of methanol 
substituents at each site of the newly formed carbon-boron bond(s) 
(Scheme 13).168  With this targeted strategy, we initially planned to 
functionalize the disubstituted geminal diboronic ester products with the 
reported Matteson homologation/oxidation sequence168 to afford racemic 
1,2-diol products.  
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As shown in scheme 13, this reaction sequence was proposed 
because of its documented efficiency and this double functionalization of 
the carbon-boron bond(s) would quickly engender a dramatic polarity 
difference from the nonpolar starting geminal diboronic esters to ease the 
purification of the diol products.  We then began our research into 
expanding the scope of disubstituted gem-diboryl methanes by enlisting 
our experience in the synthesis of novel and unusual non-stabilized 
diazoalkanes.   
3.2.a Scope of the Pt-Catalyzed Geminal Diboration of 
Non-Stabilized Diazoalkanes. 
The initial non-stabilized diazoalkane reagent chosen for model 
studies was methyl phenyl diazomethane.  This aryl-based diazoalkane 
would facilitate reaction progress monitoring by UV analysis of reaction 
mixture aliquots after TLC development.  The initial results were quite 
gratifying where the desired disubstituted geminal diboronic ester was 
received in high yield (79% yield isolated).  As seen in Table 2, the 
substrate scope was originally studied with aryl-based hydrocarbon 
substituted variants of the model compound, so as to confirm the work of 
Srebnik et al. and optimize the reaction conditions.  The temperature of 
the toluene reaction was found not to require a refluxing environment for 
the efficient production of the desired gem-diboronic ester, also the 
reduced temperature allows prolonged diazoalkane survival during the 
shortened 6 hour reaction period.   
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Brief studies were undertaken to investigate alternative metal-
catalyst that are known to oxidatively insert between the boron-boron bond 
in other settings.  Although much more research would be needed to 
conclusively state that platinum tetrakis(triphenylphosphine) is the optimal 
catalyst, nickel (0) complexes (i.e. Ni(PCy3)2) and palladium (0) catalysts 
(Pd(Ph3P)4 and Pd2dba2) failed to deliver the desired products as detected 
by mass spectrometric analysis of crude organic mixtures.  Interestingly, 
there have been reports of significant reactivity differences between 
Pt(Ph3P)4 and Pt(dba)2 during 1,2-diboration of alkenes as illustrated with 
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the large contrast in reaction temperature requirements.169  We did not 
use Pt(dba)x catalysts in our initial trials.  Instead, our attention turned to 
extending the substrate scope with the Pt(Ph3P)4 catalyst first using aryl-
based diazoalkanes and altering their electronic and steric characteristics 
(Table 3). 
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Although the yields are generally moderate for the electronically 
and sterically modified examples shown in Table 3, the tolerance of 
extreme steric hindrance in entry 4 demonstrates the method’s potential 
use in crowded synthetic settings.  Also of note is entry 2, which preserves 
the aryl chloride during the reaction sequence and speaks to the slow 
oxidative addition of platinum(0) with these substrates in Miyaura 
borylation methodologies.170   
Further extension of the protocol is provided with the tolerance of 
alkyl-based diazoalkanes as shown in Table 4.  In general, a slight 
increase in yield was observed for the alkyl-based nucleophiles, which is 
in agreement with the general increase in reactivity amongst these 
diazoalkanes.  Also, the absence of any resonance stabilization from a 
!-system, such as in the alkyl-based diazoalkanes, slightly increases the 
nucleophilicity of the platinum carbenoid.153 
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3.2.b Mechanistic Questions: Carbenoid versus Borate Mechanism 
As illustrated in Scheme 14, there remains a question as to the 
electrophilic target of the diazoalkane during the course of the reaction.  
The originally proposed mechanism is given on the left, whereby, following 
oxidative addition of the diboron reagent to give A,171 the diazoalkane 
nucleophilicly attacks the platinum metal, d-electrons from the metal help 
to extrude the dinitrogen leaving group, which forms C via B. Then the 
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carbenoid migrates to form the first carbon-boron bond (D).150,152,172 A 
plausible alternative mechanism is also shown in which the vacant 
p-orbital on the boron atom in A is attacked by the diazoalkane 
nucleophile to generate the borate intermediate G, then be followed by 
reductive elimination to the product (E), instead of forming a carbenoid 
(Scheme 14). 
 
3.2.c Mechanistic Answers Through Spectroscopy 
A potential solution towards the discernment of these mechanistic 
questions could be found in heteronuclear NMR study. The use of 11B or 
31P NMR would give insight into the geometry of the distinct reaction 
intermediates.  As illustrated in Scheme 14, there are two unsymmetrical 
intermediates in the borate mechanism (G and D) while there is only one 
unsymmetrical intermediate in the carbenoid pathway (D).  If current 
thinking into the reversible nature of diazoalkane/borate formation is 
true,135,149,182 then this reactive intermediate (G) should be observable by 
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either 11B or 31P NMR spectroscopy, with potential variable temperature 
adjustments as an enabling tool.   NMR spectroscopy is uniquely suited to 
study dynamic molecular events as it is a spectroscopic method that 
detects the molecular motion itself, rather the number of molecules in 
different states.  Due to the electromagnetic frequency used, radio waves, 
the effects of magnetic spin flip typically have little physical change on the 
system’s energetic state.  Because of this characteristic, NMR is able to 
detect chemical exchange even when the system is in equilibrium.  A 
potential drawback to using the boron nucleus is the well-documented 
line-broadened peak shapes and loss of resolution.173 Alternatively, using 
the isotope 195Pt in the tetrakis (triphenylphosphine) platinum complex, 
which may be prohibitively expensive to enrich,174 scalar couplings could 
be determined between different points with these intermediates thereby 
providing spatial information during the course of an appropriately 
designed stoichiometric reaction.174b  With a convenient spin number of ! 
the 195Pt nucleus, which has a high natural abundance and a receptivity 
value175 of 20.7, relative to 13C = 1.00, could enable the use of 
commercially available Pt(Ph3P)4 in such experiments. 
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3.2.d Differentially Protected Diboron Reagents for Chemoselective 
Synthesis. 
In analogy to work by the Suginome and Santos groups,176 
platinum-catalyzed gem-diboration of diazoalkanes was attempted on a 
mixed diboron reagent, (pin)B-B(dan), where dan is diaminonaphthalene.  
To corroborate the initial report of Srebnik et al.,150 the reaction mixture 
contained no geminally disubstituted desired product as determined NMR 
spectroscopy and mass spectrometric analysis of the crude product 
mixture.  Although the installation of differentially protected boron atoms 
would be enabling to chemoselective processes, initial empirical results 
show the absence of productive union.  Further research is needed to 
conclusively determine these initial outcomes.  Additionally, the use of 
silylboranes177 towards the synthesis of analogously mixed 
gem-dimetallics has not been investigated. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
%&#'(! )*+! +,-+,.,/01023,! ,415-6,.7! .,,8! %1(! 9:/0;+1/26152<,8! :! =25-6,7! >,5*31?6,! !"#$!@
A2+,B02/C!D*<2E2,+! E*+!:+F6?*+*/2B!:B2<.!=,+32/C!16.*!1.!1!G+*0,B02/C!H+*I-! 2/!J+*..@
J*I-62/C!>,1B02*/.7K! L;1+17!MNO!P*F1/1C27!DNO!=IC2/*5,7!DN!%"&'()*##'!!"##7!+,7! !"''"Q
"''RN! %?(! 9S*+*/@D1.T2/C! =0+10,CF! E*+! 0;,! =,6,B023,! =F/0;,.2.! *E! U62C*1+,/,.! 321!
L0,+1023,!=IVIT2WD2F1I+1!J*I-62/C7K!X*CIB;27!MNO!M*Y*7!PNO! =IC2/*5,7!DN$ $ -'(./'(0$*/'(
1!2'! !""%7! +347! #RZQ#R$N! %B(! 9=0+IB0I+,! 1/<! >,1B02320F! *E! 1! G+,1B02310,<! .-"Q.-[!
A2?*+*/! >,1C,/08! J1016F02B! >,C2*.,6,B023,! S*+102*/! *E! \7]@^/.10I+10,<! J*/YIC10,<!
J*5-*I/<.7K!H1*7!DNO!_;*+-,7!=N!SNO! !P6,,?,+C7!JNO!=6,?*</2BT7!JNO!D1+<,+7!_N!SNO!=1/0*.7!
`N! aN$ -'( %"&'( 0$*/'! !"##7! 567! [$$#Qbcc#N! %<(! 9.-"Q.-[! MF?+2<2V,<! D24,<! A2?*+*/8!
=F/0;,.2.7! J;1+1B0,+2V102*/7! 1/<! J*--,+@J1016FV,<! ]@S*+102*/! *E! \7]@^/.10I+10,<!
J*/YIC10,<!J*5-*I/<.7K$H1*7!DNO!_;*+-,7!=N!SNO!=1/0*.7!`N!aN!%"&'()*##'!!""&7!&&7![b#Z@
[bZ&N! %,(! 9A2EE,+,/02166F! G+*0,B0,<! A2?*+*/! E*+! >,C2*.,6,B023,! A2?*+102*/! *E! :6TF/,.8!
L/0,+/16@=,6,B023,!J+*..@J*I-62/C!*E!&@:6T,/,@&7"@<2?*+*/2B!:B2<!A,+231023,.7K!Ld1<10,7!
XNO!=IC2/*5,7!DN!-'(./'(0$*/'(1!2'!!"#"7!&["7!"RbZ@"Rb$N 
%&##(! %1(! 9^/I.I16! G1661<2I5@J1016FV,<! =261?*+102*/! *E! :66,/,.! ^.2/C! U+C1/2B! L*<2<,.! 1.!
L/20210*+.8! D,B;1/2.5! 1/<! :--62B102*/7K! J;1/C7! PN@eNO! >1F1?1+1-I7! AN! PNO! f1/C7! )N@fNO!
J;,/C7! JN@MN! -'( ./'( 0$*/'( 1!2'! !""'7! +357! &"'@&[&N! %?(! 9G1661<2I5@J1016FV,<!
:.F55,0+2B! =261?*+102*/! *E! :66,/,.7K! _N! U;5I+17! MN! _1/2CIB;27! DN! =IC2/*5,7! -'( ./'(
0$*/'(1!2'!!""(7!+377!&['Z"@&['Z[N!
! "#$!
3.2.e   Matteson Protocol Results in Unexpected Alkylation. 
 The originally planned double Matteson homologation/oxidation 
sequence was attempted on the diboronic ester product from methyl 
phenyl diazomethane (Table 1, entry 1), but the desired 1,2-diol product 
was entirely absent from crude reaction mixtures, as determined by mass 
spectrometry and 1H NMR spectroscopy.  Instead the major product of the 
reaction sequence was a tertiary alcohol, as initially concluded through IR 
and NMR analysis (Scheme 15).   
 
Although this was a fantastic empirical result, with the one-pot 
formation of a Csp3-Csp3 bond and a Csp3-O bond, the mechanism to 
account for this transformation remained unprobed.  Following the 
reproduction of the result, a hypothesis was formed as to the in situ 
generation of an n-butyl electrophile.  It was presumed that, following the 
lithium-halogen exchange of nBuLi and CH2BrCl, formation of 
1-bromobutane would expose the geminal diboronic ester starting material 
to a stoichiometric amount of the primary alkyl halide (Scheme 16).  An 
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experiment was performed that exposes the gem-diboronic ester, under 
the same reaction conditions, to an additional equivalent of benzyl 
bromide, which is a much better electrophile than the in situ generated 
1-bromobutane.  We gratifyingly received the benzyl-containing tertiary 
alcohol product in excellent yield to lend support to our proposed 
mechanism.   
3.2.f Initial Experiments Supporting the Proposed Alkylation 
Mechanism. 
There were still questions as to the nature of the nucleophile in this 
supposed SN2 reaction.  After the gem-diboron species is activated by 
chloromethyl lithium reagent, the antibonding lobe of the C-B bond could 
then act in an anionic nucleophilic manner (path A), as in Scheme 2, or 
the chloromethyl borate could dissociate to leave the carbanion (path B), 
which then undergoes substitution. 
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The extreme steric hindrance of the incoming nucleophile in path A 
suggests that the formation of the tertiary boronic ester intermediate would 
not be formed as efficiently as observed.  In addition to being a less 
hindered carbanion, the nucleophile that is formed following path B will 
have further stabilization from the illustrated resonance structure where 
the anion uses boron’s vacant p-orbital to delocalize and potentially afford 
a longer lifetime of the reactive intermediate.  
3.2.g Literature precedent of the Alkylation of Geminal Diboronic 
Esters. 
After this promising result, the usefulness of these geminal 
diboronic esters was fully investigated in the literature.  As previously 
discussed, using 1,1-diboryl compounds has limited literature precedent 
due to the inaccessibility of this unique carbon substitution. Using these 
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compounds as reagents in organic synthesis is, with few exceptions,165 
limited to monosubstituted, acyclic geminal diboryl compounds accessed 
through dihydroboration of terminal alkynes.166  Even so, there are 
numerous reports of using 1,1-diboryl compounds in a wide variety of 
methodologies, albeit vary few with disubstituted gem-diboryl reagents 
which are readily available through our methodology and experience in 
non-stabilized disubstituted diazoalkane synthesis. 
The reaction of monosubstituted gem-diboryl compounds with 
alkyllithium reagents to transiently form 1,1-borolithio intermediates 
dominates the known chemistry of previously reported gem-diboryl 
substrates. Our discovery of the alkylation/oxidation sequence to form 
tertiary alcohols (Scheme 15) with the same reagents as required for a 
Matteson-type homologation/oxidation168 is not a new development.  
Indeed, the reaction of a geminal borolithio intermediate derived from a 
1,1-diboryl starting material, with an internal electrophilic moiety forms 
cyclized products such as cyclopropyl and cyclobutyl was first reported in 
1962 with narrow scope.178 The generation of geminal borolithio 
intermediates was also utilized for the synthesis of secondary alcohols by 
beginning from the corresponding alkyne that undergoes dihydroboration 
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with various dialkylborane reagents.179 It was observed that in these 
primary and secondary alcohol syntheses the reactivity of alkyllithiums 
with the diboron reagents was improved through either increasing the 
base’s steric bulk or placing sterically large substituents on the boron atom 
itself.180  The extension of this organometallic exchange reaction uses of 2 
equivalents of nBuLi followed by introduction of carbon dioxide, and upon 
acidification of the corresponding dicarboxylate salts, the synthesis of 
malonic acid derivatives is achieved in high yield.181 These researchers 
recognized the stabilization of these carbanion equivalents by the boron p-
orbital as an analogy to both enolates and phosphorus ylides for the study 
of aldol and Wittig chemistries, respectively.  To study these reactions, the 
use of carbonyl electrophiles was shown to produce 1,2-diols when 
employed with bulky alkylboron reagents such as with dimesityl boryl 
carbanions, following oxidation of the boron-carbon bond.182  These bulky 
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(dimesitylborio)lithioalkanes also react with substituted epoxides to give 
the corresponding 1,3-diol products after oxidation.183  The authors 
demonstrate that regiochemistry is governed by steric constraints rather 
than electronic factors. The reactions of monosubstituted boron-stabilized 
carbanion compounds with aldehydes and ketones to deliver the 
respective disubstituted and trisubstituted alkenes have been briefly 
studied and proceed in moderate to good yields.184  
 
3.3 Access to Tertiary Alcohols and Tertiary Boronic 
Esters. 
We wanted to confirm the reactivity of our disubstituted 
gem-diboronic ester products (Tables 2-4) in some of the previously 
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reported methods in order to expand the scope of these methodologies to 
include the user-friendly pinacolatoboryl substituent, relative to 
dimesitylboryl groups, which is currently the most thoroughly studied 
system within these reports.  
3.3.a Potential Synthetic Applications of Tertiary Alcohol-Containing 
Bioactive Products. 
Our efforts toward the full development of this historical method 
could enable access towards several bioactive targets (Scheme 17). 
 
! "#$!
The potential synthesis of rac-flumecinol185 could be easily 
accomplished following the synthesis of the diarylketone required for the 
diazoalkane preparation.  Efavirenz is a commonly prescribed antiviral 
agent used in management of HIV infection that acts as a non-nucleoside 
reverse transcriptase inhibitor (NNRTI).186 Starting from the alkynyl aryl 
diazomethane reagent to produce the gem-diboryl product, alkylation of 
iodotrifluoromethane and subsequent oxidation would produce the tertiary 
benzylic alcohol.  The interception of the isocyanate intermediate following 
a Curtius rearrangement of a benzoic acid derivative would be valuable to 
the synthetic step- and atom-economy, but the synthetic plan may be 
complicated by the acid-lability of the newly formed benzylic alcohol.  
Janssen Pharmaceutica first developed the experimental anti–tuberculosis 
medicinal agent R207910 for clinical trials in 2007.187 Following 
development of an asymmetric aldehyde homologation method with 
diazoalkanes, the required benzylic ketone could also be translated into 
an aryl-based diazoalkane for platinum(0)-catalyzed synthesis of sterically 
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hindered gem-diboryl products shown (Scheme 17). Completing the 
potential synthesis of this pharmaceutical could proceed through the 
alkylation of the diarylquinoline gem-diboryl substrate shown in Scheme 
18 with 2-chloro-N,N-dimethylethanamine followed by careful oxidation of 
the tertiary pinacol boronic ester.   
3.3.b Synthesis of Tertiary Alcohols and Tertiary Boronic Esters.  
Before any potential synthetic studies could begin, we needed to 
confirm our initial alkylation/oxidation result (Scheme 16) to test the 
efficiency of alkylation with different electrophiles as well as isolate the 
tertiary boronic ester products. 
 
As seen in Scheme 18, we confirmed our initial results and found 
that the selected carbon-bromide electrophiles undergo alkylation in very 
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high yield.  We efficiently produced a small array of both tertiary alcohols 
and tertiary boronic esters.   
3.3.c The Boron-Wittig Reaction for E-Selective Trisubstituted 
Alkene Synthesis. 
Even though efficient production of biologically active tertiary 
alcohol targets could be conceived (Scheme 17) and as a consequence of 
the multiple methods in the modern literature toward the synthesis of 
these important functionalities,130,188 we were persuaded to study the 
reactivity of the boron-stabilized carbanion in the boron-Wittig reaction to 
form trisubstituted alkenes and potentially tetrasubstituted alkenes 
stereoselectively (Table 5).     
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As illustrated in Table 5, a range of electronic perturbations are well 
tolerated within compounds 2, 3, and 4 in the E-selective synthesis of 
trisubstituted alkenes.  The full preservation of the potentially sensitive 
trimethyl silyl group on the terminal alkyne demonstrates the 
chemoselective nucleophilic attack of the methyl lithium reagent on the 
boron atom. 
A consequence of the proposed mechanism is the generation of 
methyl-Bpin as an innocuous, stoichiometric byproduct (Scheme 16).  This 
may serve as a means to inhibit excess methyl lithium during and/or after 
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the desired reaction sequence.  With this hypothesis, we still only 
observed the need for approximately one equivalent of alkyl lithium 
reagent.  Heterocycles are also reasonably well tolerated, as evidenced in 
the olefination of thiophene-2-carboxaldehyde (6). 
Our experimental design to enhance the stereoselectivity was 
initially influenced by Pelter and coworkers.182,184 In order for the 
elimination of a proposed “boroxetane-type” intermediate or a trans-
elimination to outcompete the reversible nature of the boron-stabilized 
carbanion addition to the carbonyl, we chose low temperature reaction 
conditions.  These conditions were found to lower the unproductive 
consumption of the aldehyde electrophile through an alkoxide-mediated 
Cannizzaro disproportionation mechanism, as has been previously 
documented.184d   
3.3.d Potential Synthetic Targets in Trisubstituted Alkene 
Synthesis.  
As shown in Scheme 19, using trisubstituted alkenes in developing 
molecular understanding is pervasive throughout the spectrum of chemical 
disciplines.  The synthetic substitution of a trans-amide linkage with all-
carbon sp2-hybridization enables the structure/function analysis from the 
loss of hydrogen bond acceptors that is potentially vital to secondary 
structure (!-helix, "-barrel, etc.) and tertiary behavior.189  This isosteric 
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replacement is a current strategy toward the goal of increased 
bioavailability of peptide-based pharmaceuticals as a result of decreased 
proteolytic cleavage.190 Another use for trisubstituted alkene synthesis is 
their employment in materials chemistry as functionality to continue 
!-conjugation within functional materials.191   
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The last example in Scheme 19 shows a different retrosynthetic 
analysis to the common synthetic target Tamoxifen.192  The diaryl ketone 
that is required for boron-Wittig reaction could be derived from a 
lanthanide-catalyzed Friedel-Crafts reaction between readily available 
anisole and benzoyl chloride.193  With ytterbium(III)-catalyzed 
dimethylation of anisole, this reaction sequence provides alternative 
activation of the Friedel-Crafts nucleophile, rather than the typical 
electrophilic activation, which thereby increases the arene’s 
nucleophilicity.193 Following alkylation of the product’s phenolic oxygen 
with a suitable electrophile, 2-chloro-N,N-dimethylethanamine, the diaryl 
ketone efficiently obtained. 
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3.4 Future directions 
In the modern era of organic chemistry the development of most 
methods that produce organoboron compounds also investigates the 
potential for metal-catalyzed cross coupling reactions for carbon-carbon 
bond formation.  The literature precedent is extensive for 
palladium-catalyzed cross coupling of organoboron compounds to other 
organic species of varying electrophilic activation.194 The development of 
Suzuki-Miyaura coupling reaction is a very active area of modern 
research.129a,194  Current limitations to accessing disubstituted 
gem-diboron organics has prevented the development of Pd-catalyzed 
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coupling of these uniquely functionalized materials.  Nevertheless, Shibata 
and coworkers, working with monosubstituted diboronic esters, have 
communicated initial developments toward these goals.  This work 
illustrates the unique reactivity of the geminal diboron functionality in this 
synthetic transformation.195  The authors provide insight into the directing 
effect of the neighboring boron atom, as shown in Scheme 20. 
 
After careful optimization of base stoichiometry, the mono-activated 
borate species (B) can direct the arylpalladium species (A) via Lewis basic 
coordination to the metal catalyst as it approaches the geminal carbon (C).  
In addition to this directing affect, the second boronic ester (shown as blue 
in C) can serve to stabilize the !-carbanion character of both the hydroxy 
borate (B and C) and the "-palladium species (D) in order to preclude 
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!-hydride elimination.  With our convenient synthesis of disubstituted 
geminal diboronic esters, the synthesis of tertiary boronic esters (E) could 
be enabled under this manifold.  This would provide alternative tertiary 
boronic ester products that would be inaccessible with our current 
alkylation protocol (i.e. vinyl- or aryl-halides) and further expand the scope 
of Suzuki couplings. 
3.4.a Initial Trials in Suzuki Couplings to Extend the Crudden 
Method. 
In addition to other methods,130 tertiary boronic esters are accessed 
in extremely high yield (Scheme 18).   The potential use of Suzuki-Miyaura 
coupling reactions with these boronic esters would facilitate the synthesis 
of all-carbon quaternary centers, which are historically difficult to 
access.196   Pd-catalyzed Suzuki couplings occurring in such a hindered 
environment is unprecedented, but the work of Crudden and coworkers 
demonstrates that a less hindered boronic ester can undergo productive 
Suzuki coupling after careful optimization.197  With this communication, 
Crudden et al. provides a detailed account of the experimentation needed 
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to successfully couple aryl iodides with benzylic secondary boronic esters.  
While we were able to reproduce the coupling of p-iodotoluene to the 
secondary boronic ester shown in Scheme 21, we were unable to detect 
any productive coupling of p-iodotoluene to our tertiary boronic ester after 
multiple trials.  While these very preliminary results are not promising for 
the Pd-catalyzed coupling of tertiary boronic esters, much more research 
will be need to definitively determine the outcome of this potential 
synthetic method. 
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3.4.b Potential Synthesis of Mixed Geminal Diorganometallics. 
Additional future directions could utilize the unique chemistry that 
mixed geminal diorganometallics can afford.  The special characteristics of 
boron’s stabilization of an !-carbanion-like intermediate should enable 
organometallic reactions to have diminished levels of "-hydride elimination 
as an unwanted, destructive pathway.  With the observation that the 
lithium carbanion starting from a monosubstituted geminal diboronic ester 
can be successfully iodinated,131 the oxidative insertion of multiple 
transition metals (as well as main group metals) can provide potential 
entry to many different organometallic chemistries.198  For example, in 
Scheme 22, after successful iodination of the lithium anion, the 
iodoorganoboronic ester can undergo oxidative addition with zinc metal to 
generate the d10 Zn2+ organometallic reagent. 
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This hindered organometallic could find use in Negishi couplings199 
to quickly build complexity.  With a different organometallic entry into the 
carbon-zinc bond, Zn-halogen exchange could enable dialkylzinc 
formation.  These species could undergo cuprate formation towards novel 
extensions of important existing conjugate addition chemistries.200 The 
potential to influence spatial trajectory in the approach of the organozinc to 
the metal catalyst (Pd and Cu shown) could be realized by appropriate 
choice of ligand.201  If the chiral organometal adduct is produced, then 
reductive elimination will afford enantioenriched tertiary boronic esters. 
Although far from atom economical, dialkylzinc reagents have distinct 
advantages, compared with Grignard or organoaluminum reagents, 
because they show low reactivity in uncatalyzed reactions and high 
tolerance for functional groups both in the zinc reagent and in the 
substrate.   Alternatively these functionalized organozinc reagents could 
be made available through an alkyl-transfer procedure, similar to the 
sequence of carbon-zinc formation from alkenes via hydroboration.202  The 
transmetallation of the lithium gem-boronic ester carbanion with 
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trialkylstannyl halides also provides potential access to chemoselective 
Stille couplings reagents.203  
 
3.5 Conclusions. 
With our expertise in non-stabilized diazoalkane synthesis, access 
to novel disubstituted geminal diboronic esters is enabled and awaits 
further exploration.  The previous literature examples set the stage for 
their potential synthetic impact.  By not having access to the fully 
substituted gem-diboronic esters that our chemistry can provide, the prior 
studies have been limited.  The distinctive stabilization of carbanion-like 
character by the geminal boron atom’s vacant p-orbital has been shown to 
provide efficient and reliable access to highly functionalized carbon 
centers.  The opportunity is now before us to contribute to these useful 
synthetic methods. 
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3.6 Experimentals. 
General.  Infrared spectra were recorded on a Bruker FT-IR Alpha (ATR 
mode) spectrophotometer, !max in cm
–1.  Bands are reported as strong (s), 
medium (m), weak (w), and broad (br).  1H NMR spectra were recorded on 
a Varian Gemini 2000 (400 MHz) spectrometer.  Chemical shifts are 
reported in ppm from tetramethylsilane with the solvent resonance as the 
internal standard (CHCl3: " 7.26).  Data are reported as follows:  chemical 
shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, 
m = multiplet), coupling constants (Hz), and integration.  13C NMR spectra 
were recorded on a Varian Gemini 2000 (100 MHz) spectrometer with 
complete proton decoupling.  Chemical shifts are reported in ppm from 
tetramethylsilane with the solvent as the internal reference (CDCl3: " 
77.23).  High-resolution mass spectra were obtained at the Boston 
College Mass Spectrometry Facility (Chestnut Hill, MA) utilizing a JEOL 
AccuTOF with Data Acquisition in Real Time (DART).   
 
Unless stated otherwise, all reactions were carried out in flame-dried 
glassware under an atmosphere of nitrogen in dry, degassed solvents 
using standard Schlenk or vacuum-line techniques.  THF, Et2O, toluene, 
CH2Cl2, DMF, pentane, and hexanes were dispensed from a Glass 
Contour solvent purification system custom manufactured by SG Waters, 
LLC (Nashua, NH). 4-Butylbenzaldehyde and 1,1,3,3-
! "#$!
tetramethylguanidine were vacuum distilled over calcium hydride.  3-
Methoxybenzaldehyde, 4-formylbenzonitrile, 4-((trimethylsilyl)ethyn-
yl)benzaldehyde, methyl 3-formylbenzoate, thiophene-2-carboxaldehyde, 
cyclopropyl methyl ketone, cyclohexyl methyl ketone, 
dihydrocinnemaldehyde, and !-tetralone were vacuum distilled.  1-
Bromobutane, benzyl bromide, allyl bromide, and ethyl iodide were 
fractionally distilled and stored over silver wool prior to use. 
Bis(pinacolato)diboron was recrystallized from hexanes as with needles.  
Pb(OAc)4, after dissolution in minimal hot glacial acetic acid, deposited as 
bright white needles upon cooling.  The crystals were washed in a fritted 
Schlenk filter with pentane, dried under high vacuum, and then stored in a 
glovebox at –20 °C.  1-([1,1'-biphenyl]-2-yl)ethanone and 4-phenylbutan-2-
one were purified prior to use by silica gel column chromatography. 
Hydrazine hydrate, 2-(2,2-dimethyl-1,3-dioxolan-4-yl)acetaldehyde, 
Pt(Ph3P)4, 9-bromophenanthrene, 1-(4-chlorophenyl)ethanone1-(4-
(trifluoromethyl)phenyl)ethanone, 1-bromo-2-methylnaphthalene, 
1-(p-tolyl)ethanone, benzophenone, propiophenone, 5-methoxy-2,3-
dihydro-1H-inden-1-one, powdered 4 Å molecular sieves, and 2-
fluorobenzoic acid were purchased from commercial sources and used as 
received.  The general procedure given below for preparing an 
unprotected arylhydrazone is based on one described previously.52  
Methyllithium was titrated before use using N-benzylbenzamide according 
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to a literature procedure.204 Column chromatography was performed with 
EMD silica gel 60 (230-400 mesh) and driven with compressed air.  
Analytical TLC was carried out with EMD silica gel 60 F254 precoated 
plates (250 µm thickness) and a ceric ammonium molybdate, potassium 
permanganate, para-anisaldehyde, or 2,4-dinitrophenylhydrazine stain for 
spot visualization. 
 
Representative Procedure for the Synthesis and Handling of a 
Disubstituted Geminal Bis(pinalocato)boronic Ester: 
 
2,2'-(1-Phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane). To a 50 mL round bottom flask was 
added bis(pinacolato)diboron with (0.375 g, 1.584 mmol, 1.00 equiv) and a 
Teflon-coated stir bar.  The flask was taken into a N2 atmosphere 
glovebox and Pt(Ph3P)4 (0.059 g, 0.0475 mmol, 0.03 equiv) was added as 
a solid.  The reaction flask was then sealed in the inert atmosphere with a 
rubber septa and brought into the fumehood.  Under active nitrogen 
atmosphere, the solids were dissolved with toluene (15.8 mL, 0.10 M) at 
ambient temperature (23 °C) with stirring.  Methyl phenyl diazomethane 
was then added as solution in toluene in one portion (2.50 mL, 1.742 
mmol, 1.10 equiv).  The rubber septa was then replaced with a 
condensing column and set to heating at 80 °C for 6 h under N2 
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atmosphere.  After the reaction period, the solvent and volatile organics 
were removed under reduced pressure.  To the remaining solids in the 
reaction flask was added hexanes for extractive isolation of the crude 
product.  This hexanes solution was separated from the remaining organic 
solids and then repeated three times with fresh solvent.  The hexanes 
solvent was then removed to leave the crude crystalline product, which 
was further purified by silica gel chromatorgraphy (TLC Rf = 0.30 in 95:5 
hexanes:diethyl ether).  These operations delivered 0.449 g (1.254 mmol, 
79%) of 2,2'-(1-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) as a clear crystalline solid (mp = 71.3 °C). IR (thin film): 
2978 (m), 2927 (w), 1504 (w), 1383 (m), 1348 (s), 1298 (s), 1244 (m), 
1139 (m), 1097 (m), 971 (m), 855 (m), 772 (w), 698 (m).  1H NMR (400 
MHz, CDCl3): 7.34 (d, J = 7.7 Hz, 2H), 7.24 (t, J = 7.7 Hz, 2H), 7.09 (t, J = 
7.2 Hz, 1H), 1.45 (s, 3H), 1.23 (d, J = 2.0 Hz, 24H). 13C NMR (100 MHz, 
CDCl3): ! 145.29, 128.40, 128.02, 124.54, 83.50, 24.83, 18.77, (CB 
cannot be detected). HRMS (ESI+) Calcd for C20H33B2O4
+ [M+H]+: 
359.254; Found: 359.252. 
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2,2'-(1-Phenylpropane-1,1-diyl)bis(4,4,5,5-tetra 
methyl-1,3,2-dioxaborolane). Prepared by the 
representative procedure given above from 0.432 g 
(1.818 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.050 g (0.040 mmol, 
0.02 equiv) Pt(Ph3P)4 in 20.0 mL of toluene (0.10 M) with 1.25 mL of ethyl 
phenyl diazomethane (1.999 mmol, 1.10 equiv) added as a 0.625 M 
solution in toluene. 2,2'-(1-Phenylpropane-1,1-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) was isolated as a clear crystalline solid (0.501 g, 
74% yield, mp = 77.1 °C) after silica gel chromatography (TLC Rf = 0.30 in 
95:5 hexanes:diethyl ether).  IR (thin film): 2977 (m), 2931 (w), 2873 (w), 
1495 (w), 1459 (w), 1371 (m), 1350 (s), 1311 (s), 1254 (s), 1214 (w), 1139 
(s), 1105 (m), 972 (m), 853 (m), 764 (w), 699 (m).   1H NMR (400 MHz, 
CDCl3): ! 7.36 (d, J = 8.3 Hz, 2H), 7.23 (t, J = 7.7 Hz, 2H), 7.09 (t, J = 7.3 
Hz, 1H), 1.98 (q, J = 7.3 Hz, 2H), 1.25 (d, J = 2.9 Hz, 24H), 0.77 (t, J = 7.3 
Hz, 3H). 13C NMR (100 MHz, CDCl3): ! 143.23, 130.32, 128.04, 124.83, 
83.46, 27.36, 24.91, 24.86, 12.38, (CB cannot be detected). HRMS (ESI+) 
Calcd for C21H35B2O4
+ [M+H]+: 373.264 Found: 373.269.  
 
2,2'-(1,2,3,4-Tetrahydronaphthalene-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by the 
representative procedure given above from 0.432 g (1.818 
mmol, 1.00 equiv) bis(pinacolato)diboron and 0.050 g (0.040 mmol, 0.02 
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equiv) Pt(Ph3P)4 in 20.0 mL of toluene (0.10 M) with 1.139 mL of 1-diazo-
1,2,3,4-tetrahydronaphthalene  (1.838 mmol, 1.01 equiv) added as a 
1.613 M solution in toluene. 2,2'-(1,2,3,4-Tetrahydronaphthalene-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) was isolated as a clear 
crystalline solid (0.544 g, 78% yield, mp = 104.0 °C) after silica gel 
chromatography (TLC Rf = 0.30 in 95:5 hexanes:diethyl ether).  IR (thin 
film): 2986 (w), 2928 (m), 2878 (w), 1494 (w), 1455 (w), 1347 (s), 1306 (s), 
1244 (s), 1202 (w), 1140 (s), 1109 (m), 969 (m), 850 (m), 763 (w), 699 
(m).  1H NMR (400 MHz, CDCl3): ! 7.40 (d, J = 7.7 Hz, 1H), 7.11 – 7.03 
(m, 1H), 7.00 (dd, J = 4.8, 1.0 Hz, 2H), 2.76 (t, J = 6.4 Hz, 2H), 2.08 – 2.00 
(m, 2H), 1.76 (dt, J = 12.1, 6.2 Hz, 2H), 1.23 (d, J = 1.6 Hz, 24H). 13C 
NMR (100 MHz, CDCl3): ! 138.70, 135.89, 130.69, 129.15, 124.88, 
123.97, 83.38, 30.49, 27.99, 24.88, 24.72, 23.25, (CB cannot be 
detected). HRMS (ESI+) Calcd for C22H35B2O4
+ [M+H]+: 385.231 Found: 
385.239.  
 
2,2'-(1-(p-Tolyl)ethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by the 
representative procedure given above from 0.139 g 
(0.584 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.022 g (0.017 mmol, 
0.03 equiv) Pt(Ph3P)4 in 5.80 mL of toluene (0.10 M) with 1.5 mL of 1-(1-
diazoethyl)-4-methylbenzene  (0.643 mmol, 1.10 equiv) added as a 0.428 
M solution in toluene.  2,2'-(1-(p-Tolyl)ethane-1,1-diyl)bis(4,4,5,5-
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tetramethyl-1,3,2-dioxaborolane) was isolated as a clear crystalline solid 
(0.175 g, 80% yield, mp = 131.3 °C) after silica gel chromatography (TLC 
Rf = 0.30 in 95:5 hexanes:diethyl ether).  IR (thin film): 2991 (w), 2933 (m), 
2874 (w), 2812 (w), 1445 (w), 1339 (s), 1298 (s), 1274 (s), 1211 (w), 1125 
(m), 966 (m), 847 (w), 765 (m), 702 (m), 564 (w).    1H NMR (400 MHz, 
CDCl3): ! 7.22 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 7.9 Hz, 2H), 2.28 (s, 3H), 
1.43 (s, 3H), 1.23 (d, J = 1.2 Hz, 24H). 13C NMR (100 MHz, CDCl3): ! 
142.14, 133.70, 128.80, 128.23, 83.43, 24.84, 21.14, 18.87, (CB cannot 
be detected). HRMS (ESI+) Calcd for C21H35B2O4
+ [M+H]+: 373.213 
Found: 373.218.  
 
2,2'-(1-(4-(Trifluoromethyl)phenyl)ethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane).  
Prepared by the representative procedure given above 
from 0.178 g (0.749 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.028 g 
(0.022 mmol, 0.03 equiv) Pt(Ph3P)4 in 7.50 mL of toluene (0.10 M) with 1.5 
mL of 1-(1-diazoethyl)-4-methylbenzene  (0.823 mmol, 1.10 equiv) added 
as a 0.549 M solution in toluene.  2,2'-(1-(4-
(Trifluoromethyl)phenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) was isolated as a clear crystalline solid (0.217 g, 68% 
yield, mp = 115.4 °C) after silica gel chromatography (TLC Rf = 0.30 in 
95:5 hexanes:diethyl ether).  IR (thin film): 2996 (w), 2986 (m), 2922 (m), 
2867 (w), 1467 (m), 1340 (m), 1319 (s), 1287 (m), 1142 (m), 1107 (w), 
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1010 (m), 972 (m), 862 (m), 687 (w).  1H NMR (400 MHz, CDCl3): ! 7.48 
(d, J = 15.4 Hz, 2H), 7.46 (d, J = 15.4 Hz, 2H), 1.47 (s, 3H), 1.22 (d, J = 
3.2 Hz, 24H). 13C NMR (100 MHz, CDCl3): ! 149.44, 130.51, 128.78, 
128.30, 128.20, 126.75, 126.43, 126.30, 124.82, 124.78, 124.71, 123.60, 
83.77, 24.81, 24.79, 17.67, (CB cannot be detected). HRMS (ESI+) Calcd 
for C21H32B2F3O4
+ [M+H]+: 427.036 Found: 427.131.  
 
2,2'-(1-(4-Chlorophenyl)ethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by the 
representative procedure given above from 0.051 g 
(0.215 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.008 g (0.006 mmol, 
0.03 equiv) Pt(Ph3P)4 in 0.59 mL of toluene (0.40 M) with 1.0 mL of 1-(1-
diazoethyl)-4-methylbenzene  (0.237 mmol, 1.10 equiv) added as a 0.237 
M solution in toluene.  2,2'-(1-(4-Chlorophenyl)ethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) was isolated as a white solid (0.051 g, 
61% yield, mp = 146.1 °C) after silica gel chromatography (TLC Rf = 0.30 
in 95:5 hexanes:diethyl ether).  IR (thin film): 2977 (m), 2933 (w), 2876 
(w), 1491 (m), 1460 (m), 1371 (m), 1311 (s), 1268 (m), 1142 (s), 1087 (s), 
1012 (m), 967 (m), 853 (s).   1H NMR (400 MHz, CDCl3): ! 7.28 (d, J = 8.8 
Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 1.43 (s, 3H), 1.21 (d, J = 3.3 Hz, 24H). 
13C NMR (100 MHz, CDCl3): ! 143.61, 130.21, 129.55, 127.99, 83.64, 
24.81, 18.03, (CB cannot be detected). HRMS (ESI+) Calcd for 
C20H32B2ClO4
+ [M+H]+: 393.509 Found: 393.548.  
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2,2'-(5-Methoxy-2,3-dihydro-1H-indene-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane).  
Prepared by the representative procedure given 
above from 0.038 g (0.162 mmol, 1.00 equiv) bis(pinacolato)diboron and 
0.006 g (0.005 mmol, 0.03 equiv) Pt(Ph3P)4 in 0.36 mL of toluene (0.50 M) 
with 4.0 mL of 1-diazo-5-methoxy-2,3-dihydro-1H-indene  (0.180 mmol, 
1.11 equiv) added as a 0.045 M solution in toluene.  2,2'-(5-Methoxy-2,3-
dihydro-1H-indene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 
was isolated as a clear oil (0.049 g, 76% yield) after silica gel 
chromatography (TLC Rf = 0.30 in 95:5 hexanes:diethyl ether).  IR (thin 
film): 3022 (w), 2987 (m), 2952 (w), 2887 (w), 1482 (m), 1450 (m), 1320 
(m), 1218 (w), 1132 (m), 1067 (w), 973 (w), 859 (m), 862 (m), 687 (w).  1H 
NMR (400 MHz, CDCl3): ! (dd, J = 5.7, 3.3 Hz, 1H), 7.53 (dd, J = 5.7, 3.3 
Hz, 1H), 4.35 – 4.08 (m, 2H), 1.69 (dt, J = 12.2, 6.1 Hz, 1H), 1.50 – 1.15 
(m, 17H), 0.96 – 0.85 (m, 12H). 13C NMR (100 MHz, CDCl3): ! 167.96, 
132.68, 131.09, 129.02, 68.38, 38.96, 30.59, 29.15, 23.97, 23.21, 14.27, 
11.19, (CB cannot be detected). HRMS (ESI+) Calcd for C21H35B2O5
+ 
[M+H]+: 389.237 Found: 389.244.  
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2,2'-(1-([1,1'-Biphenyl]-2-yl)ethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane). Prepared by the 
representative procedure given above from 0.040 g (0.167 
mmol, 1.00 equiv) bis(pinacolato)diboron and 0.006 g 
(0.005 mmol, 0.03 equiv) Pt(Ph3P)4 in 0.36 mL of toluene (0.46 M) with 1.5 
mL of 2-(1-diazoethyl)-1,1'-biphenyl  (0.175 mmol, 1.05 equiv) added as a 
0.117 M solution in toluene.  2,2'-(1-([1,1'-Biphenyl]-2-yl)ethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) was isolated as a clear oil 
(0.051 g, 71% yield) after silica gel chromatography (TLC Rf = 0.30 in 95:5 
hexanes:diethyl ether).  IR (thin film): 3054 (w), 2977 (m), 2930 (m), 2873 
(w), 1478 (m), 1447 (m), 1378 (m), 1313 (s), 1265 (m), 1212 (w), 1140 (s), 
1071 (m), 967 (m), 849 (s), 747 (m), 703 (m).   1H NMR (400 MHz, CDCl3): 
! 7.45 – 7.42 (m, 2H), 7.34 – 7.29 (m, 2H), 7.29 – 7.25 (m, 2H), 7.20 (ddd, 
J = 7.8, 7.2, 1.7 Hz, 1H), 7.12 (td, J = 7.4, 1.4 Hz, 1H), 7.06 – 7.03 (m, 
1H), 1.32 (s, 3H), 1.15 (d, J = 5.8 Hz, 24H). 13C NMR (100 MHz, CDCl3): ! 
144.51, 143.63, 142.91, 132.71, 131.40, 130.24, 127.93, 127.15, 126.73, 
124.95, 83.49, 25.09, 25.06, 21.91, (CB cannot be detected). HRMS 
(ESI+) Calcd for C26H37B2O4
+ [M+H]+: 435.283 Found: 435.290.  
! "##!
 
2,2'-(1-Cyclohexylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by the 
representative procedure given above from 0.026 g (0.108 
mmol, 1.00 equiv) bis(pinacolato)diboron and 0.005 g (0.004 mmol, 0.03 
equiv) Pt(Ph3P)4 in 0.30 mL of toluene (0.36 M) with 2.0 mL of (1-
diazoethyl)cyclohexane  (0.128 mmol, 1.18 equiv) added as a 0.064 M 
solution in toluene.  2,2'-(1-Cyclohexylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) was isolated as a crystalline solid (0.032 
g, 81% yield, mp = 81.9 °C) after silica gel chromatography (TLC Rf = 0.30 
in 95:5 hexanes:diethyl ether).  IR (thin film): 2979 (m), 2922 (m), 2859 
(w), 1448 (m), 1382 (m), 1145 (w).  1H NMR (400 MHz, CDCl3): ! 1.82 
(ddd, J = 11.6, 7.2, 3.1 Hz, 1H), 1.63 (dd, J = 26.7, 12.5 Hz, 3H), 1.49 (d, J 
= 12.6 Hz, 2H), 1.31 (ddd, J = 22.3, 16.3, 4.8 Hz, 3H), 1.21 (d, J = 2.8 Hz, 
24H), 1.15 (dd, J = 12.5, 3.3 Hz, 1H), 1.10 – 1.00 (m, 1H), 0.97 (s, 3H). 
13C NMR (100 MHz, CDCl3): ! 83.06, 41.19, 30.89, 27.32, 26.73, 25.04, 
24.91, 11.15, (CB cannot be detected). HRMS (ESI+) Calcd for 
C20H39B2O4
+ [M+H]+: 365.299 Found: 365.292.  
 
2,2'-(1-Cyclopropylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by the 
representative procedure given above from 0.006 g (0.025 
mmol, 1.00 equiv) bis(pinacolato)diboron and 0.001 g (0.0008 mmol, 0.03 
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equiv) Pt(Ph3P)4 in 0.25 mL of toluene (0.10 M) with 1.5 mL of (1-
diazoethyl)cyclopropane  (0.025 mmol, 1.00 equiv) added as a 0.016 M 
solution in toluene.  2,2'-(1-Cyclopropylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) was isolated as a crystalline solid (0.006 
g, 75% yield, mp = 57.2 °C) after silica gel chromatography (TLC Rf = 0.30 
in 95:5 hexanes:diethyl ether).  IR (thin film): 2965 (w), 2936 (m), 2878 
(w), 1449 (m), 1380 (m), 1146 (w), 1067 (w) 755 (w), 697 (w).   1H NMR 
(400 MHz, CDCl3): ! 1.82 (ddd, J = 11.6, 7.2, 3.1 Hz, 1H), 1.63 (dd, J = 
26.7, 12.5 Hz, 3H), 1.49 (d, J = 12.6 Hz, 2H), 1.31 (ddd, J = 22.3, 16.3, 4.8 
Hz, 3H), 1.21 (d, J = 2.8 Hz, 24H), 1.15 (dd, J = 12.5, 3.3 Hz, 1H), 1.10 – 
1.00 (m, 1H), 0.97 (s, 3H). 13C NMR (100 MHz, CDCl3): ! 83.02, 24.88, 
24.87, 14.96, 14.70, 1.89, (CB cannot be detected). HRMS (ESI+) Calcd 
for C17H33B2O4
+ [M+H]+: 323.252 Found: 323.258.  
 
2,2'-(3-Phenylpropane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by 
the representative procedure given above from 
0.049 g (0.209 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.007 g 
(0.006 mmol, 0.03 equiv) Pt(Ph3P)4 in 1.14 mL of toluene (0.18 M) with 1.0 
mL of (3-diazopropyl)benzene (0.229 mmol, 1.10 equiv) added as a 0.23 
M solution in toluene.  2,2'-(3-Phenylpropane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) was isolated as a clear crystalline solid 
(0.054 g, 70% yield, mp = 87.5 °C) after silica gel chromatography (TLC Rf 
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= 0.30 in 90:10 hexanes:diethyl ether).  IR (thin film): 2976 (m), 2930 (m), 
2862 (w), 1454 (w),1360 (s), 1309 (s), 1262 (m), 1137 (s), 968 (m), 849 
(m), 747 (m), 699 (w).  1H NMR (400 MHz, CDCl3): ! 7.35 – 7.28 (m, 2H), 
7.27 – 7.18 (m, 3H), 2.72 – 2.61 (m, 2H), 1.93 (dd, J = 16.1, 8.0 Hz, 2H), 
1.31 (d, J = 3.3 Hz, 24H), 0.89 (s, 1H). 13C NMR (100 MHz, CDCl3): ! 
143.16, 128.79, 128.31, 125.68, 83.18, 38.94, 28.21, 25.13, 24.74, (CB 
cannot be detected). HRMS (ESI+) Calcd for C21H35B2O4
+ [M+H]+: 
373.272 Found: 373.271.  
 
2,2'-(4-Phenylbutane-2,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane).  Prepared by 
the representative procedure given above from 
0.023 g (0.100 mmol, 1.00 equiv) bis(pinacolato)diboron and 0.004 g 
(0.003 mmol, 0.03 equiv) Pt(Ph3P)4 in 0.25 mL of toluene (0.40 M) with 
1.10 mL of (3-diazobutyl)benzene (0.110 mmol, 1.10 equiv) added as a 
0.10 M solution in toluene.  2,2'-(4-Phenylbutane-2,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) was isolated as a clear crystalline solid 
(0.032 g, 84% yield, mp = 88.6 °C) after silica gel chromatography (TLC Rf 
= 0.30 in 92:8 hexanes:diethyl ether).  IR (thin film): 2977 (s), 2931 (m), 
2868 (w), 1457 (m),1379 (s), 1370 (s), 1345 (s), 1304 (s), 1257 (m), 1140 
(s), 1087 (m), 967 (m), 850 (m), 699 (w).   1H NMR (400 MHz, CDCl3): ! 
7.32 – 7.23 (m, 4H), 7.18 (ddd, J = 6.2, 3.4, 1.7 Hz, 1H), 2.67 – 2.58 (m, 
2H), 1.92 – 1.84 (m, 2H), 1.28 (s, 24H), 1.21 (s, 3H). 13C NMR (100 MHz, 
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CDCl3): ! 143.98, 128.75, 128.32, 125.57, 83.19, 36.95, 34.41, 24.98, 
24.85, 16.21, (CB cannot be detected). HRMS (ESI+) Calcd for 
C22H37B2O4
+ [M+H]+: 387.284 Found: 387.280.  
 
Representative Procedure for the Alkylation/Oxidation Competition 
Experiment to Test Mechanism: 
 
1,2-Diphenylpropan-2-ol. To a 10 mL round bottom 
flask was added 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (0.024 g, 0.068 mmol, 
1.00 equiv) with a Teflon-coated stir bar and the reaction vessel was 
sealed with a rubber septa.  The flask was evacuated and purged with N2 
atmosphere three times and the starting material was then dissolved with 
0.68 mL tetrahydrofuran solvent.  Then, at 23 °C, bromochloromethane 
was added (4.60 µL, 0.068 mmol, 1.00 equiv) and cooled to –78 °C while 
stirring.  At –78 °C, the dropwise addition of n-butyllithium (28.2 µL, 0.069 
mmol, 1.01 equiv) was administered down the sidewalls of the reaction 
flask to allow precooling of the base. Immediately following the first drop of 
the lithium reagent a noticeable color change occurred and the reaction 
mixture was allowed to stir for 10 min at –78 °C.  After this reaction period 
benzyl bromide (8.20 µL, 0.068 mmol, 1.00 equiv) was added to the center 
of the reaction solution to avoid freezing of the electrophile.  This addition 
was followed by a loss of color from the reaction mixture.  The reaction 
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was stirred at –78 °C for 2 h and then at 23 °C for 12 h. Then the reaction 
vessel was cooled to 0 °C for the addition of a 3 M solution of NaOH in 
H2O (1.00 mL) followed by the addition H2O2 as a 30% solution in H2O 
(0.50 mL) for 2 h of rapid stirring while slowly warming to 23 °C.  At which 
point the reaction contents were poured into a separatory funnel for 
extraction of the crude organics with ethyl acetate. The combined ethyl 
acetate layers were washed with brine (3x), collected, dried with Na2SO4, 
and filtered.  Following filtration, the solvent was removed under reduced 
pressure delivering the crude alcohol product as a yellow oil, which was 
further purified by silica gel chromatorgraphy (TLC Rf = 0.30 in 90:10 
hexanes:ethyl acetate).  These operations delivered 0.013 g (0.061 mmol, 
91%) of 1,2-diphenylpropan-2-ol as a clear oil.  Full characterization for 
this material has been previously reported in the literature.205 
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Representative Procedure for the Tandem Alkylation/Oxidation Sequence 
of a Disubstituted Geminal Bis(pinalocato)boronic Ester to access Tertiary 
Alcohols: 
 
2-Phenylhexan-2-ol. To a 10 mL round bottom 
flask was added 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (0.017 g, 0.047 mmol, 
1.00 equiv) with a Teflon-coated stir bar and the reaction vessel was 
sealed with a rubber septa.  The flask was evacuated and purged with N2 
atmosphere three times and the starting material was then dissolved with 
0.68 mL tetrahydrofuran solvent.  Then, at –78 °C, the dropwise addition 
of methyllithium as a 2.60 M solution in dimethoxyethane (18.5 µL, 0.048 
mmol, 1.01 equiv) was administered down the sidewalls of the reaction 
flask to allow precooling of the base. Immediately following the first drop of 
the lithium reagent a noticeable color change of the colorless solution 
occurred and the reaction mixture was allowed to stir for 30 min at –78 
°C.  After this reaction period, 1-bromobutane (5.05 µL, 0.047 mmol, 1.00 
equiv) was added to the center of the yellow reaction solution.  This 
addition was followed by a loss of color from the reaction mixture.  The 
reaction was stirred at –78 °C for 2 h and then at 23 °C for 12 h. Then the 
reaction vessel was cooled to 0 °C for the addition of a 3 M solution of 
NaOH in H2O (1.00 mL) followed by the addition H2O2 as a 30% solution 
! "#$!
in H2O (0.50 mL) for 2 h of rapid stirring while slowly warming to 23 °C.  At 
which point the reaction contents were poured into a separatory funnel for 
extraction of the crude organics with ethyl acetate. The combined ethyl 
acetate layers were washed with brine (3x), collected, dried with Na2SO4, 
and filtered.  Following filtration, the solvent was removed under reduced 
pressure to deliver the crude alcohol product as a yellow oil, which was 
further purified by silica gel chromatorgraphy (TLC Rf = 0.30 in 95:5 
hexanes:ethyl acetate).  These operations delivered 0.007 g (0.061 mmol, 
88%) of 1,2-diphenylpropan-2-ol as a clear oil.  Full characterization for 
this material has been previously reported in the literature.206 
 
1,2-Diphenylpropan-2-ol. Prepared by the 
representative procedure given above from 0.022 g 
(0.061 mmol, 1.00 equiv) 2,2'-(1-phenylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) and 23.6 µL (0.061 mmol, 1.01 equiv) 
methyllithium in 0.60 mL of tetrahydrofuran (0.10 M) with 7.31 µL of benzyl 
bromide  (0.061 mmol, 1.01 equiv) added following the 10 min reaction 
period.  1,2-Diphenylpropan-2-ol was isolated as a colorless solid (0.012 
g, 96% yield, mp = 49.6 °C) after silica gel chromatography (TLC Rf = 0.30 
in 95:5 hexanes:ethyl acetate).  Full characterization for this material has 
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been previously reported in the literature.207 
 
2-Phenylpent-4-en-2-ol.  Prepared by the 
representative procedure given above from 0.028 g 
(0.078 mmol, 1.00 equiv) 2,2'-(1-phenylethane-1,1-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) and 30.5 µL (0.079 mmol, 1.01 equiv) 
methyllithium in 0.78 mL of tetrahydrofuran (0.10 M) with 6.88 µL of allyl 
bromide  (0.079 mmol, 1.01 equiv) added following the 10 min reaction 
period.  2-Phenylpent-4-en-2-ol was isolated as a clear oil (0.012 g, 97% 
yield) after silica gel chromatography (TLC Rf = 0.30 in 95:5 hexanes:ethyl 
acetate).  Full characterization for this material has been previously 
reported in the literature.207 
 
Representative Procedure for the Alkylation of Disubstituted Geminal 
Bis(pinalocato)boronic Ester to access Tertiary Boronic Esters: 
 
4,4,5,5-Tetramethyl-2-(2-phenylpent-4-en-2-yl)-1,3,2-
dioxaborolane. To a 2 dram vial was added 2,2'-(1-
phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (0.039 
g, 0.109 mmol, 1.00 equiv) with a Teflon-coated stir bar and the reaction 
vessel was sealed with a rubber septa.  The vial was evacuated and 
purged with N2 atmosphere three times and the starting material was then 
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dissolved with 1.09 mL tetrahydrofuran solvent.  Then, at –78 °C, the 
dropwise addition of methyllithium as a 2.60 M solution in 
dimethoxyethane (42.3 µL, 0.110 mmol, 1.01 equiv) was administered 
down the sidewalls of the reaction vial to allow precooling of the base. 
Immediately following the first drop of the lithium reagent a noticeable 
color change of the colorless solution occurred and the reaction mixture 
was allowed to stir for 30 min at –78 °C.  After this reaction period, 
allylbromide (9.50 µL, 0.110 mmol, 1.01 equiv) was added to the center of 
the yellow reaction solution.  This addition was followed by a loss of color 
from the reaction mixture.  The reaction was stirred at –78 °C for 1 h and 
then 0.50 mL of a 30% HCl solution in methanol was added to quench the 
reaction. Then the reaction vessel was warmed to 23 °C for the extraction 
of the crude organics with diethyl ether. The organic layer was washed 
with a saturated aqueous sodium bicarbonate solution (3x), collected, 
dried with MgSO4, and filtered.  Following filtration, the solvent was 
removed under reduced pressure to deliver the crude product as a clear 
oil, which was further purified by a short silica gel plug (TLC Rf = 0.30 in 
95:5 hexanes:diethyl ether).  These operations delivered 0.027 g (0.100 
mmol, 92%) of 4,4,5,5-tetramethyl-2-(2-phenylpent-4-en-2-yl)-1,3,2-
dioxaborolane as a clear oil.  Full characterization for this material has 
been previously reported in the literature.208 
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4,4,5,5-Tetramethyl-2-(2-phenylbutan-2-yl)-1,3,2-
dioxaborolane.  Prepared by the representative 
procedure given above from 0.242 g (0.676 mmol, 1.00 equiv) 2,2'-(1-
phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) and 
276.0 µL (0.682 mmol, 1.01 equiv) methyllithium (2.47 M in 
dimethoxymethane) in 6.76 mL of tetrahydrofuran (0.10 M) with 59.5 µL of 
ethyl bromide  (0.743 mmol, 1.10 equiv) added following the 10 min 
reaction period.  4,4,5,5-Tetramethyl-2-(2-phenylbutan-2-yl)-1,3,2-
dioxaborolane was isolated as a clear oil (0.158 g, 90% yield) after silica 
gel chromatography (TLC Rf = 0.30 in 95:5 hexanes:diethyl ether).  Full 
characterization for this material has been previously reported in the 
literature.208 
 
Representative Procedure for the Lithiation of Disubstituted Geminal 
Bis(pinalocato)boronic Ester to access Trisubstituted Alkenes: 
 
(E)-1-Butyl-4-(2-phenylprop-1-en-1-
yl)benzene.  To a 2 dram vial was 
added 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (20.1 mg, 0.056 mmol, 
1.00 equiv) with a Teflon-coated stir bar and the reaction vessel was 
sealed with a rubber septa.  The vial was evacuated and purged with N2 
atmosphere three times and the starting material was then dissolved with 
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1.09 mL tetrahydrofuran solvent.  Then, at –78 °C, the dropwise addition 
of methyllithium as a 2.42 M solution in dimethoxyethane (23.4 µL, 0.057 
mmol, 1.01 equiv) was administered down the sidewalls of the reaction 
vial to allow precooling of the base. Immediately following the first drop of 
the lithium reagent a noticeable color change of the colorless solution 
occurred and the reaction mixture was allowed to stir for 10 min at –78 
°C.  After this reaction period, 4-butylbenzaldehyde (9.49 µL, 0.057 mmol, 
1.01 equiv) was added to the center of the yellow reaction solution.  This 
addition was followed by a loss of color from the reaction mixture.  The 
reaction was stirred for 3 h while warming to 23 °C and then the reaction 
contents were poured into a separatory funnel for extraction of the crude 
organics with ethyl acetate. The organic layer was washed with brine (3x), 
collected, dried with MgSO4, and filtered.  Following filtration, the solvent 
was removed under reduced pressure to deliver the crude product as a 
clear oil (5.25:1 E:Z), which was further purified by a silica gel 
chromatography (TLC Rf = 0.30 in 100 % hexanes).  These operations 
delivered 10.8 mg (0.043 mmol, 77%) of (E)-1-Butyl-4-(2-phenylprop-1-en-
1-yl)benzene as a clear oil.  IR (thin film): 3020 (w), 2955 (w), 2926 (w), 
2856 (w), 1509 (w), 1444 (w), 1377 (w), 1259 (w), 1067 (w), 1026 (w), 872 
(w), 754 (m), 694 (m).   1H NMR (400 MHz, CDCl3): ! 7.52 (d, J = 7.2 Hz, 
2H), 7.37 (t, J = 7.8 Hz, 2H), 7.28 (t, J = 6.4 Hz, 2H), 7.19 (d, J = 7.9 Hz, 
2H), 6.81 (s, 1H), 2.67 – 2.58 (m, 2H), 2.29 (d, J = 1.3 Hz, 3H), 1.69 – 
1.56 (m, 2H), 1.38 (dd, J = 14.9, 7.6 Hz, 2H), 0.94 (t, J = 7.3 Hz, 3H). 13C 
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NMR (100 MHz, CDCl3): ! 144.40, 141.47, 136.90, 135.87, 129.27, 
128.51, 128.45, 127.91, 127.24, 126.20, 35.62, 33.84, 22.62, 17.75, 
14.20. HRMS (ESI+) Calcd for C19H23
+ [M+H]+: 251.378 Found: 251.381.  
 
(E)-1-Methoxy-3-(2-phenylprop-1-en-1-
yl)benzene.  Prepared by the 
representative procedure given above 
from 26.3 mg (0.073 mmol, 1.00 equiv) 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) and 30.6 µL (0.074 mmol, 
1.01 equiv) methyllithium (2.42 M in dimethoxymethane) in 0.73 mL of 
tetrahydrofuran (0.10 M) with 9.04 µL of m-anisaldehyde  (0.074 mmol, 
1.01 equiv) added following the 10 min reaction period.  (E)-1-Methoxy-3-
(2-phenylprop-1-en-1-yl)benzene was isolated as a clear oil (11.8 mg, 
72% yield) after silica gel chromatography (TLC Rf = 0.30 in 90:10 
hexanes:diethyl ether).  IR (thin film): 2997 (w), 2937 (w), 2833 (w), 1597 
(w), 1576 (w), 1491 (w), 1444 (w), 1268 (w), 1156 (w), 1048 (w), 873 (w), 
760 (m), 694 (m).   1H NMR (400 MHz, CDCl3): ! 7.55 – 7.49 (m, 2H), 7.38 
(ddd, J = 7.8, 4.5, 1.2 Hz, 2H), 7.32 – 7.27 (m, 2H), 6.96 (dd, J = 7.6, 0.7 
Hz, 1H), 6.91 (s, 1H), 6.81 (t, J = 5.4 Hz, 2H), 3.84 (s, 3H), 2.29 (d, J = 1.4 
Hz, 3H). 13C NMR (100 MHz, CDCl3): ! 159.64, 144.12, 139.97, 137.95, 
129.34, 128.54, 127.80, 127.43, 126.23, 121.92, 114.92, 112.25, 55.46, 
17.81. HRMS (ESI+) Calcd for C16H17O
+ [M+H]+: 225.133 Found: 225.127.  
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(E)-Methyl 3-(2-phenylprop-1-en-1-
yl)benzoate. Prepared by the 
representative procedure given above 
from 25.5 mg (0.071 mmol, 1.00 equiv) 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) and 29.7 µL (0.072 mmol, 
1.01 equiv) methyllithium (2.42 M in dimethoxymethane) in 0.71 mL of 
tetrahydrofuran (0.10 M) with 9.04 mg of methyl 2-formylbenzoate  (0.072 
mmol, 1.01 equiv) added following the 10 min reaction period.  (E)-Methyl 
3-(2-phenylprop-1-en-1-yl)benzoate was isolated as a clear oil (14.2 mg, 
79% yield) after silica gel chromatography (TLC Rf = 0.30 in 90:10 
hexanes:diethyl ether).  IR (thin film): 3056 (w), 3028 (w), 2991 (w), 2950 
(w), 2921 (w), 2854 (w), 1720 (s), 1599 (w), 1580 (w), 1494 (w), 1437 (m), 
1379 (w), 1285 (s), 1241 (m), 1202 (m), 1107 (m), 1084 (m), 758 (m), 744 
(m), 696 (m).   1H NMR (400 MHz, CDCl3): ! 8.05 (s, 1H), 7.92 (d, J = 7.7 
Hz, 1H), 7.54 (dd, J = 8.6, 7.2 Hz, 3H), 7.45 (t, J = 7.7 Hz, 1H), 7.38 (dd, J 
= 8.2, 6.7 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 6.84 (s, 1H), 3.94 (s, 3H), 2.28 
(d, J = 1.4 Hz, 3H). 13C NMR (100 MHz, CDCl3): ! 167.38, 143.85, 138.88, 
138.83, 133.75, 130.44, 130.35, 128.60, 128.48, 127.78, 127.64, 126.84, 
126.24, 52.39, 17.74. HRMS (ESI+) Calcd for C17H17O2
+ [M+H]+: 253.058 
Found: 253.122.  
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(E)-4-(2-Phenylprop-1-en-1-yl)benzonitrile. 
Prepared by the representative procedure 
given above from 24.8 mg (0.069 mmol, 1.00 
equiv) 2,2'-(1-phenylethane-1,1-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) and 28.9 µL (0.070 mmol, 
1.01 equiv) methyllithium (2.42 M in dimethoxymethane) in 0.69 mL of 
tetrahydrofuran (0.10 M) with 9.17 mg of 4-cyanobenzaldehyde  (0.070 
mmol, 1.01 equiv) added following the 10 min reaction period.  (E)-4-(2-
Phenylprop-1-en-1-yl)benzonitrile was isolated as a white crystalline solid 
(12.3 mg, 81% yield, mp = 87.6 °C) after silica gel chromatography (TLC 
Rf = 0.30 in 90:10 hexanes:diethyl ether).  IR (thin film): 3063 (w), 2984 
(m), 2926 (w), 2855 (w), 2223 (m), 1597 (m), 1498 (m), 1446 (m), 1378 
(w), 1027 (w), 880 (m), 827 (w), 764 (m), 700 (m), 555 (m).   1H NMR (400 
MHz, CDCl3): ! 7.69 – 7.63 (m, 2H), 7.52 (dd, J = 5.3, 3.2 Hz, 2H), 7.45 
(d, J = 8.1 Hz, 2H), 7.42 – 7.37 (m, 2H), 7.33 (dd, J = 10.1, 4.3 Hz, 1H), 
6.80 (s, 1H), 2.29 (d, J = 1.4 Hz, 3H). 13C NMR (100 MHz, CDCl3): ! 
143.40, 143.27, 140.98, 132.22, 129.91, 128.71, 128.71, 128.10, 126.28, 
126.26, 119.31, 17.96. HRMS (ESI+) Calcd for C16H14N
+ [M+H]+: 220.122 
Found: 220.114. 
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(E)-Trimethyl((4-(2-phenylprop-1-en-
1-yl)phenyl)ethynyl)silane. Prepared 
by the representative procedure given 
above from 19.8 mg (0.055 mmol, 1.00 
equiv) 2,2'-(1-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) and 23.0 µL (0.056 mmol, 1.01 equiv) methyllithium (2.42 
M in dimethoxymethane) in 0.55 mL of tetrahydrofuran (0.10 M) with 11.3 
mg of 4-((trimethylsilyl)ethynyl)benzaldehyde  (0.056 mmol, 1.01 equiv) 
added following the 10 min reaction period.  (E)-Trimethyl((4-(2-
phenylprop-1-en-1-yl)phenyl)ethynyl)silane was isolated as a clear oil 
(12.0 mg, 75% yield) after silica gel chromatography (TLC Rf = 0.30 in 
100% hexanes).  IR (thin film): 3028 (w), 2958 (w), 2925 (w), 2854 (w), 
2156 (m), 1600 (w), 1496 (w), 1444 (w), 1249 (m), 863 (m), 842 (m), 757 
(m) 696 (w).   1H NMR (400 MHz, CDCl3): ! 7.53 – 7.43 (m, 4H), 7.41 – 
7.34 (m, 2H), 7.34 – 7.27 (m, 3H), 6.79 (s, 1H), 2.28 (d, J = 1.4 Hz, 3H), 
0.26 (s, 9H). 13C NMR (100 MHz, CDCl3): ! 138.80, 138.62, 131.99, 
129.19, 128.59, 128.58, 127.57, 127.37, 126.23, 126.23, 105.46, 17.88, 
0.23. HRMS (ESI+) Calcd for C20H23Si
+ [M+H]+: 291.160 Found: 291.154.  
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(E)-2-(2-Phenylprop-1-en-1-yl)thiophene. 
Prepared by the representative procedure given 
above from 18.9 mg (0.052 mmol, 1.00 equiv) 2,2'-
(1-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) and 
22.0 µL (0.053 mmol, 1.01 equiv) methyllithium (2.42 M in 
dimethoxymethane) in 0.52 mL of tetrahydrofuran (0.10 M) with 4.90 µL of 
2-thiophenecarbaldehyde  (0.053 mmol, 1.01 equiv) added following the 
10 min reaction period.  (E)-2-(2-Phenylprop-1-en-1-yl)thiophene was 
isolated as a yellow oil (6.76 mg, 64% yield) after silica gel 
chromatography (TLC Rf = 0.30 in 95:5 hexanes:diethyl ether).  IR (thin 
film): 3056 (w), 3025 (w), 2955 (w), 2924 (m), 2852 (w), 1596 (w), 1492 
(w), 1444 (w), 1378 (w), 1263 (w), 1077 (w), 1026 (w), 853 (w), 815 (w), 
760 (m), 693 (s), 507 (w).   1H NMR (400 MHz, CDCl3): ! 7.49 (dd, J = 8.2, 
1.0 Hz, 2H), 7.36 (t, J = 7.8 Hz, 2H), 7.31 (d, J = 5.3 Hz, 1H), 7.28 (d, J = 
7.2 Hz, 1H), 7.10 (d, J = 3.2 Hz, 1H), 7.08 – 7.05 (m,1H), 6.95 (s, 1H), 
2.42 (d, J = 1.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): ! 141.75, 135.93, 
128.58, 128.58, 127.82, 127.31, 127.17, 126.23, 125.33, 121.21, 18.64. 
HRMS (ESI+) Calcd for C13H13S
+ [M+H]+: 201.071 Found: 201.074.  
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